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THE SIGNIFICANCE OF THE LARVAL SKIN OF 
DECAPODS. By H. W. CONN, Assistant in Biology. 

If there is any one group of animals particularly favorable for 
the study of Phylogeny and its principles, that group is the 
Crustacea. Owing to the complete metamorphosis, and the great 
variety of the lines of development which Crustacean larvae 
present, they give us the best possible chance for making cross 
comparisons and correcting errors. From the free swimming 
condition of the larvae we may conclude that they are in much the 
same circumstances under which their ancestors were placed ; and 
one serious source of error is therefore avoided, viz. the modifica- 
tion of the embryo by protection, and by being supplied with food 
during embryonic growth. To be sure, a second source of error 
has been introduced. The larvae are of course subject to the 
circumstances affecting them as free swimming forms, and are 
therefore in many cases modified by their environment ; but 
this error is less diflScult to deal with than the former one. Further, 
the comparative ease of obtaining and studying Crustacean embryos 
makes them a particular object of interest to a naturalist at the 
seaside, and consequently subject to strict and exhaustive in- 
vestigation. Again, the possession of a hard shell makes Crus- 
tacea well adapted for preservation as fossils, and we find that 
representatives of this group are abundant in palaeontological 
collections. All of these facts together make it evident that 
no group of animals offers such a hope for the solution of 
biological problems connected with the origin of species as the 
quite circumscribed group of Crustacea, A consideration of 
this fact leads me to publish the following observations and sug- 
gestions, in hope that they may be of some value as evidence in 
assisting our understanding of the morphology of the Malacos- 
traca. I am aware that these suggestions are mostly specula- 
tive, but such speculations are not without their value, pro- 
vided that they are considered only as speculations. It is 
largely by the testing of the truth or falsehood of hypotheses 
that the truths of nature are discovered. 
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The Btud; of the egg embryology of the higher Orustaoea, and 
a comparison of the same with the metamorphosis of those forms 
which hatch from the egg in a veiy primitive stage, soon con- 
vince us that egg embiyology can give ns little information con- 
cerning the early metamorphosis of this group. It is generally 
admitted that Crustacea have been derived from a nauplius form* 
A close observation of the egg embryology does, even in higher 
Crustacea, reveal traces of this stage ; but it may safely be stated 
that, were it not for the fact that certain of the Macronra (Penaeis 
Lucifer, Euphausia) hatcli from the egg as nanplii, no very gre it 
importance would have been placed upon the presence of the egg 
nauplius. Seeing, however, from the study of Lucifer, etc., that 
some of the higher developed Crustacea begin their line of meta- 
morphosis with the nauplius, the presence of three appendages in 
the early egg embiyo gains significance. It is evident, however, 
that more infonnation can be gained as to the history of the Crus- 
tacea from the study of the larval metamorphoses, than firom the 
egg embryology, however carefully observed. The metamorphosis 
of Penaens at Lucifer teaches more than the egg embryology of all 
the rest of the group. It is of course then very desirable to 
obtain a knowledge of the metamorphoses of the higher members 
in as early stages as possible. 

Now, as a rule, the higher Decapods hatch from the egg in a 
form known as zoea, and it therefore seems impossible to trace 
their metamorphosis back any further, except by the study 
the egg embiyology. But there is a method of doing fliis whii^ 
while open to certain objections, will in many cases lead to ins- 
portant results'. It has been known since the appearance of a 
paper by Du Cane in 1839, that most Crustacea when they hatil^ 
from the egg are snnWnded by a very thin, delicate membra^^ 
known as the larval skin. Although this larval skin has been 
observed in a great many instances, it is not until the last dec ide 
that its presence has been considered as of any morpholog.cal 
significance. The study of this cuticle has of late, however, led 
to some interesting results, and it seems probable that further 
conclusions of value can be drawn from more extended studies. 
For it is evident, upon a little consideration, that this larval cuticle 
is to be considered as a remnant of the cast-off skin of the 
stage immediately preceding the zoetL If the crab hatches as a 
zoea, its larval cuticle will give us means of studying the stage 
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immediately preceding the zoea. A somewhat imsatisfactory 
method it is, since we cannot expect the larval cuticle to pre* 
serve very exactly the form of the earlier larva, but still a method 
which bids fair to give some results. 

The notices of this larval skin, as far as I have been able to 
find them, are as follows : The first mention of the structure 
was by Du Oane,* who figures it in the larvae of certain prawns and 
shrimps. Spence Bate° in his valuable monograph on the develop- 
m ent of Oarcinns maonas, describes the larval skin. He says that it 
is closely applied to and entirely conformable with the body of the 
zoea, which hatches from the egg. In this he was in error, for 
later observations on the same species* have shown that there is 
no such conformity. It is somewhat strange, therefore, that he 
should even in his latest papers still persist in his old mistaka* 
Fritz Miiller* mentions the larval skin of Acheas and Maja, show- 
ing-tha^it is not conformable to the zoea. He first suggested 
that it was of some morphological importance, calling attention to 
the fact that the skin found in these crabs shows a considerable 
resemblance to the tails of shrimps and prawns. He did not 
attempt to carry the su^^stion further. Gerbe' simply mentions 
the presence of a larval cuticle in marine forms in general. 
Dohm’ in his paper on the development of Arthropods, gives 
an excellent figure of the larval tail of the crab Portunus, 
with the zoeal tail inclosed. He also mentions and figures 
the larval covering of the antennae, showing that, as he says, 
the first antenna is covered by a very large larval skin, which is 
prolonged into a number of long lobes. He confounds the two 
pair of antennae, however, an4 really describes the second pair. 
He does not attempt to draw any conclusion, or to place any 
particular significance upon the embryonic skin. Stnxbn^ 
mentions the cuticle, but his paper I have not seen. Clans* in 

> Du Cane. Annals and Magazine ol Natural History, 1839. 

• Spence Bate. Phil. Trans, of Royal Society, 1859. 

’Faxon. Bulletin of Museum of Comp. Anat., Vol. VI, 1880. 

’Spence Bate. Report of British Association, 1876-1878. 

’Fritz Muller. Facts for Darwin. London, p. 59. 

• Comptes Rendus, LIX, 1864, p. 1103. 

’Dohm. Zeit. f . Wiss. 2ooL XX, J870. 

•Stuxburg. Of vas. EongL Vetensk. Akad. Furhandl. XXX, 1878. 

'Clans. Untersuchung zur Erforsohung die genealogisohen Grundlage des 
Crustacean-eystems, pp. 03, 1876. 
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his monograph figures the larval tail of Maja, showing that it 
has seven spines on each side, and that the’ third spine from 
the centre is the longest, while the fourth spine is the shortest. 
He also shows that it is this short fourth spine which corresponds 
to the two processes of the fork in the zoea tail which is inclosed 
within the cuticle. He agrees with Muller in finding here a 
resemblance to the larva of Fenaeus, but says nothing more about 
it. JolP figures the zoea of Caridina just before it hatches, 
as surrounded by its cuticle, which is closely adherent to the 
zoea, and presents no peculiarities. Faxon‘ gives a similar figure 
of Palaemonetes. In another paper® Faxon describes more 
minutely than had previously been done, the embryonic skin 
of Carcinus and of Panopeus. His figure of the embryonic tail 
is similar to that of Glaus and others, a forked tail with fourteen 
spines. He points out the errors of Spence Bate, as well as that 
of Dohm, in confounding the two antennae. This peculiar form 
of antenna he considers as the remnant of a stage when they 
were used as locomotor organs, ‘‘as in the Nauplius,” finding 
here a second reminder of an earlier stage. Packard® speaks 
of the larval skin of Gelasmus as presenting no peculiarities, 
but admits that he is not certain upon the point. Porcel* 
laua is figured by Brooks and Wilson,® and its larval skin 
is said to be exactly conformable to the enclosed zoea. Beige* 
ogives a figure of the cas^ofi^ larval cuticle of the zoea Panopeus, 
leav^ out of his description the antennae, but in other respects 
his figure agrees with that of Faxon. 

A paper by Paul Meyer’ upon our knowledge of the zoea form 
requires more attention. Meyer made an extended comparison 
among the tails of different zoeas, and also as far as possible of 

■ Joli. Development and Metamorphoses of Caridina Demarestii, Ann. SoL 
Nat. XIX. 

^ Faxon. Development of Palaemonetes vulgaris. BulL Mus. Comp. Zool., 
Sept. 1870. 

^ Faxon. On Some Points in the Structure of the Embryonic Zoea. Bull. 
Mus. Comp. Zool., Sept. 1880. 

'‘American Naturalist. Oct. 1881. 

'Brooks and Wilson. The First Zoea of Poicellana. In these Studies, Vol. 

n, 1881. 

‘ Berge. Development of Panopseus Sayi. In these Studies, Vol. II, 1888. 

‘ Paul Meyer. Znr Entwioklungsgeschichte der Decapoden, Jen. Zeit. XI. 
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their embryonic onticle, and reaches a result of considerable itU' 
portance. From h^ comparisons he concludes that the origi- 
nal stem to which the Decapods, or at least their zoeas, are to be 
referred, possessed a forked tail with seven feathered spines on 
either side. He finds in many Macronra examined by him, that’ 
whereas the zoeas may differ widely from this primitive fonn, 
the larval cuticle which covers the zoea does exhibit in a remark- 
able manner a tendency to develop this forked tail with 
seven spines. Perhaps the most interesting case is that of 
Dorippe. The zoeal tail of this genus is enormously long, and 
has two forking processes with two short thorns. But the larval 
skin shows most beautifully the ordinary forked tail with its 
seven spines, all but two of which are entirely lost with the loss 
of the embryonic skin. Meyer shows quite conclusively, if we 
oan base conclusions on evidence of this sort, that this forked 
tail (Gabelscbwantz) is a very widely distributed form, and prob- 
ably deserves claim as a form from which the other modified tails 
have descended. Meyer, however, goes further than this ; con- 
sidering the shape of the zoea as a good point for systematic classi- 
fication, he attempts to remodel the classification of the Crustacea 
according to the peculiarities of the zoeal tail. From the fact 
that the Oarididae zoea possesses seven spines, while other zoeas 
present modifications of this form, he considers them to have 
been the earliest branch from the original stem, and believes that 
they ^ould be placed in a group by themselves, while all the 
other Decapods should be placed together as an equivalent group. 
He gives up the name Macroura, or confines it to the Garididae, 
and divides the rest of the Decapods into a number of groups, for 
which he has no reason except the number of spines on the zoea 
tail. That this is hardly justifiable is evident, though it may 
have some value ; but further considei'ation will show that any 
classification based on zoeal characteristics must be accepted 
with great caution. 

Meyer shows, however, that very important results may arise 
from a careful study of the embryonic skin of zoeas. This arises 
chiefiy from the fact that it is impossible to imagine that the 
peculiar configuration of the embryonic skin can be of any use 
to the zoea, and that its peculiarities must be due to heredity and 
not to adaptation. It is for this reason particularly adapted to 
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the stndy of the phylogeny of the Crustacea, and also to the study 
of the significance of the zoea. One interesting suggestion whidk 
Meyer draws fivm his studies is an explanation of the difference 
between the shape of the crab zoea tail and that of the Macroura. 
The crab zoea has preserved, he says, the original forked tail,, 
while the Macroura have usually replaced it by a large fiattened 
swimming plate. The Macroura being swimming animals natur- 
ally had use for a swimming tail ; while the crabs being animals 
which usually move by walking with their thoracic legs, had no need 
of a swimming tail, and have not developed anything of the kind. 
As ingenious as is this suggestion, it is hardly legitimate, at least 
without considerable modification; for while the adult crab is a 
walking animal, its zoea is just as truly a swimming animal as 
is the zoea of the Macroura ; and inasmuch as it is the zoea which 
has developed the peculiar telson, the habits of the adult can 
hardly be considered as the reason for the shape of the zoea. 
Meyer seems to have overlooked, however, one comparison which 
the study of larval zoea suggests. This comparison is one of 
great interest, and it is the object of the present paper to make 
this comparison evident. 

It seems then, as far as can be judged from the published ob- 
servations, that there are two different relations which the embry- 
onic cuticle may have to the first zoea. It may be closely applied 
to the future zoea, and conformable to it. It has in this case almost 
exactly, the same shape as the zoea, except that it does not pos- 
sess spines. At the extremity of the appendages, and at the tel- 
sons, the spines of the future zoea are enclosed in a simple sac 
expansion of the larval skin, as in Fig. 8. This is the arrange- 
ment found in ordinary Macrouran development. In these cases 
it is evident it is impossible to draw any conclusions from the 
larval skin. Whatever its form was at a time when it represented 
a free animal, it has become so modified that it is little more 
than a sac covering the future zoea. If these forms alone had 
been studied, the larval skin would never have been considered 
as having any particular significance. 

The second form is however more important. In this class 
we find the embryonic cuticle not conformable to the future zoea, 
but showing an entirely different shape, often differing very 
much from the zoea which is enclosed within it. In these cases 
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it has been found that the caudal plate of the embryonic cuticle 
shows a distinct fork with fourteen spines, and as far as has been 
thus far observed this is true whatever be the shape of the soea 
tail enclosed within. Differences are also found in the second 
pair of antennae, which here show a remarkable series of long 
feathered processes, entirely unrepresented in the antennae of the 
zoea. In some cases the shape of the maxUlipedes may be slightly 
different (Porcellana). Such modifications are found among the 
Brachynra; among the Anomonra, and in some Macronra (Calii* 
nassa, etc.). A typical instance of the telson thus described is 
given in Fig. 1, which represents the telson of Fanopeus. The 
embiyonic antenna of the same is shown in Fig. 12. Such em- 
bryonic zoea as these have evidently retained with some degree 
of exactness the form of an earlier stage from which the zoea 
has been derived. 

' In all the crab embryos which have previously been figured, 
the embiyonic cuticle has been found to present very much the 
form represented in Fanopeus, Fig. 1, and it would be a very 
interesting fact if this were universal among crabs, since Meyer 
believes the Brachynra to have branched off from the original 
Decapod stem earlier than the other groups. But this is not a 
fact, however. A comparative study of crab embryos shows that 
the larval skin is not always of the form represented in these 
figures, but has various other forms. In fact we find a complete 
series of gradations from the telson of Fanopeus, ending in a 
form which presents but few differences from the enclosed zoea. 
Since only one of these forms has been figured or described, I 
will describe four different kinds of larval cuticle observed and 
studied at Hampton during the last summer. 

The first is the ordinary form figured by Dohrn, Faxon, Clans 
and others. For convenience of comparison I have figured the 
tail of Fanopeus sayi. Fig. 1. The larval telson is prolonged 
into seven enormously long feathered spines, which are so 
arranged as to form a forked tail. Of these spines, the fourth 
and seventh, counting from the centre, are the shortest, and are 
unfeathered. In Maja (Dohm*) the embryonic spines are nearly 
of the same length and all feathered. The relatipn of tail of the 
future zoea to this larval telson is readily seen from the figure. 


' Dohm. hoc. eit. 
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The three inner spines of the ontiole correspond to the three 
spines within the fork of the tail of the zoea tail, the fourth cor- 
responds to the process of the fork of the zoea tail, and the fifth 
corresponds to the thorn on the outside of the tail. The sixth 
and seventh spines are unrepresented in the zoea, disappearing 
entirely upon the first moult. 

The antenna of the same species is given in Fig. 12. It is 
biramous, with one branch prolonged into four remarkably long 
feathered spines. The second maxilla I have figured in Fig. 13. 
I give this figure to correct an error of Faxon,* who, in his figure 
of this appendage, leaves out the exopodite. 

The above form of embryonic zoea is the only form which has 
been figured in crabs. • It has been found in Fanopens, Oarcinus, 
Maja, Achaeus and Portunus. Other forms of embryo may be 
found. In Fig. 2 is represented the embryonic zoeal tail of the 
edible crab (Oallinectes hastata), and in Fig. 14 its second pair of 
antennae. In this crab the cuticle is thrown ofi* soon after 
hatching, and the best method of studying it is to extract the 
embryo from the egg just before hatching. The tail thus 
found, Fig. 2, resembles that of Panopens in certain points, 
but differs from it in others. In both forms we have a forked 
tail, and in both we have evidence of seven spinM. But whereas 
in Panopens they are all long and most of them feathered, in Cal- 
linectes they are all short and none of them are feathered. 
The sixth particularly is much reduced, remaining only as a 
small lobe, which if not carefully looked for will escape notice. 
As in PanopeuB, the relation of the cuticle to the zoea is easily 
seen, and is the same as in the ’former species, with the exception 
of the presence in the zoea of an outside spine corresponding to 
the seventh embryonic spine. 

The antennae of Callinectes, Fig. 3, are interesting from the 
fact that they have entirely lost the outer very largely developed 
branch seen in Panopeus. We have here little more than a 
simple skin to cover the enclosed appendage. 

It is evident that in this form the embryonic zoea is removed by 
a considerable distance from the ancestral type to which the cor- 
resi)onding stage of Panopeus is to be referred. The larval skin 


'Faxon. Embryonic Zoea. Loc.eit. 
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has loBt part of the features inherited bj Fanopeus, lost part of 
its independence, and has taken a great step toward becoming a 
simple larval covering. We might anticipate that one step more 
wonld lead to a form in which all traces of ancestral form are lost. 

And this step is found to have been taken bj the embiyos of 
crabs belonging to the highest group, e. g. to the Grapsoida. 
Figures of the various parts, obtained by extracting the em- 
biyo of Sesarma from the egg just before hatching, are given in 
Plate I, Figs. 6, 6, 7, 8, and Plate II, Fig. 16. Fig. 4 represents 
the embryonic cuticle of the same some days before maturity. In 
this genus we see no trace of the highly complex cuticle of Pano- 
peus and Maja, nor any remnant of the stage presented by Oalli- 
nectes. The seven caudal spines. Fig. 15, have almost entirely dis- 
appeared, the only remnant being four small lobes surrounding the 
two processes of the fork of the zoea tail, and the three inner spines. 
The processes of the fork of the zoea tail have also lost their 
likeness to spines, which was so evident in the previously described 
species (Fig. 1), and are no longer invaginated, but folded at their 
tips. In all the appendages. Figs. 5, 6, 7, 8, the larval skin is as 
closely applied to the inclosed appendages as possible, with of 
course the exception of the spines, which are unrepresented in 
the cuticle. We find therefore in Sesarma that the larval zoeas 
have lost almost all traces of any phyl(^netic significance and 
have become little more than delicate sacs enclosing the future 
zoea. 

But we may even go one step farther by studying the embryo 
of the oyster crab. Pinnotheres ostreum. This crab classed among 
the Grapsoida, is even in its adult form quite highly modified. 
But its zoea is still more peculiar, possessing certain features in 
which it difiers from all other crab larvae. The characteristics 
of this zoea’s tail can be seen from Fig. 9, which is drawn at the 
time of hatching. It has nearly lost its tendency to fork, has 
lost its outer spines, and has developed a great lobe in the centre 
bearing a new spine or sometimes two. The whole tail has 
become much broadened and resembles the tail of Macroura in 
shape more than is usual. Other modifications of the zoea are still 
more peculiar. It has completely lost the lateral and dorsal 
spines so commonly found in crab zoeas, and, as far as I know, it 
is the only Brachyuran zoea without such spines. The most re- 
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markable peculiarity is in the complete absence of the second pair 
of antennae, and in this point it differs from all other Crustacean 
zoea. The first pair of antennae have become reduced to a 
minute knob bearing two hairs, while the second pair have dis- 
appeared altogether.^ 

The larval cuticle of this interesting zoea, as we might expect, 
is more highly modified than in any other crab which has been 
studied. The cuticle of the tail is shown in Fig. 9. It has entirely 
lost the features characterizing the embryonic zoea of most crabs. 
The spines have left no trace, and even the forking of the tail 
has become almost obliterated. In an earlier stage, Fig. 10, the 
tail is more evidently forked. At all parts of the animal the 
cuticle is exactly conformable to the future zoea, with the excep- 
tion of the region of the antennae ; and here is the most interest- 
ing feature of all. The larval cuticle has two well-marked an- 
tennae, although the zoea has but one. Fig. 11 shows this 
point. We see the rudimentary antenna of the future zoea, with its 
two hairs, and surrounding it is a lobe of the larval skin. Behind 
this is seen an empty lobe which undoubtedly represents the 
second pair of antennae. We have here unquestionable proof 
that in the previous conditions of this zoea two pairs of antennae 
were present, and that the loss of the second antennae is a larval 
modification of quite recent date. 

We have in this case, since the adult has two pair of an- 
tennae, another instance of an appendage being lost and after- 
wards replaced. Such instances are not rare in Crustacean 
embryology, and Balfour has used this fact as a link in his 
argument as to the ancestry of the zoea. As will appear later, 
however, this modification is undoubtedly a larval modification, 
and cannot by any method of argument be referred to variation 
of adults, and it indicates that other cases of disappearance and 
reappearance are also secondary modifications. 

The case of Pinnotheres is also valuable for another reason. 
It shows conclusively what sort of significance we can place upon 

small figure of this zoea has been given by Semper in ** Animal Life as 
affected by Natural Conditions of Existence” (International Sci. Series). Beige 
has figured the same larva more minutely in American Naturalist, 1882. He 
describes a second pair of antennae as rudimentary structures. I have by very ‘ 
careful examination satisfied myself that he is in error upon this point, and that 
only one pair of antennae are present. 
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the ebape of the larval akin. Every one who accepts evolution 
in any form will acknowledge that this zoea has descended either 
immediately or remotely from a form with two pair of antennae, 
and which possessed other characteristics of the ordinary zoea. 
Now the fact that we do jfind these cliaracteristics in the larval skin, 
though they are not found in the zoea, indicates clearly in what 
light this larval skin is to be regarded. It is the castoff skin of 
the previous stage ; modified, it is true, biit still preserving more 
or less the peculiarities of that stage. Indeed we could not expect 
to find that this cuticle would preserve all of the previous charac- 
teristics. It is an embryonic structure, whose only fhnction at 
present seems to be as a covering for the zoea. It will therefore 
undergo change with a tendency to lose all peculiarities which 
are not of direct advantage to it. But the case- of Pinnotheres 
shows that it may preserve by heredity some of its previous 
features. The larval skin of Pinnotheres indicates that in a pre- 
vious stage the zoea possessed two pairs of antennae. In like man- 
ner, finding the peculiar tail and antennae present in the larval 
skin of certain crabs, which gradually becomes simplified as the 
crab becomes developed, we are justified in concluding that they 
have some similar significance, and point to a stage which, as a 
free swimming form, possessed a tail and antennae of a similar 
character. The question which arises upon reaching this con- 
clusion is, what is this ancestral form of which we see such traces 
in crab embryos ? 

Fritz Mfiller and Claus found an answer to the question in the 
zoea of Macroura, and undoubtedly they were on the right track. 
But it will be found convenient and indeed necessary to sub- 
stitute for their zoea the form known as Protozoea by Clans. 
Brooks,^ in bis paper on Lucifer, has already hinted at this in his 
statement, “ and we may perhaps see in the larval skin which many 
crab zoeas shed soon after or even before they leave the egg, and 
which usually has a conspicuously forked and very spiny telson, 
a remnant of the unmodified Protozoea stage.” Taking into con- 
sideration all the evidence which can be obtained, there remains 
little doubt but that this is the true interpretation. 

This conclusion is in the first place suggested by the study of 
the larval antenna. Examination of Fig. 12 will show that 

' Brooks. A Studj in Morphology. Phil. Trans. Vol. ITS. 
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when the larval integnment is cast off, a large part of the second 
. antenna disappears. The large branch ft, snch a prominent 
feature of the larval skin, is unrepresented in the aoea antenna. 
Evidently the function of the appendage to which the larval 
cuticle is to be referred was entirely different from that of the 
zoea antenna. But such a large plumose appendage as that of 
Fig. 12 must have had a locomotor function, and the larval skin 
is to be referred to a stage when the antennae were locomotor 
organs. This conclusion appears in FaxonV paper ; but Faxon 
considers this locomotor stage to be a nauplins. And, indeed, from 
the study of the antennae, we can get no farther, for the antennae 
of the nauplins and those of the protozoea are essentially the same, 
both in form and in function, and whether the larval antennae of 
crabs is to be referred back to the one or the other is not here 
evident. In Figs. 21 and 22 are represented the second antennae 
of a protozoea and of a nauplins respectively ; a comparison of 
Figs. 12, 21 and 22 will immediately show the likeness referred to. 

But more important and conclusive evidence can be drawn 
from the telson of tlie various protozoeas known when compared 
with the embryonic zoeas already described. In Plate II. I have 
figured a number of protozoea tails. Figs. 17 and 18 are the 
protozoea tails of two species of Fenaeus. Fig. 20 represents the 
same stage of Acetes (!). Fig. 18 is the protozoea telson of Elapho- 
caris (Serghstes).* It will require only a little careful compari- 
son to convince one that the crab larval skin is the protozoea skin. 
If Fig. 9 be compared with Fig. 15, this with Fig. 2, and then 
with Fig. 1, it will be seen that we have various steps of a retro- 
grade development, which begins with a form like Fig. 1 ; and 
finally if Fig. 1 be compared with Figs. 17-20, the similarity of 
the embryonic cuticle with the protozoea tail will appear at a 
glance. In every case we have a forked telson with a number 
of long plumose spines, typically seven. Occasionally the number 
may be less. In Fig. 18 there are only six, and this form is 
much like Oallinectes, Fig. 2. In Xio protozoea as far as is known 
are there more than seven spines; and this is an important' fact, 
since in a laige number of zome the spines increase in number. 

'Faxon. Bmbiyonio 2Coea. Loe.Ht. 

’For Figs. 17, 19, 20 and 31, 1 am indebted to the kindness of Dr. Brooks, 
who has lent me some of his drawings which were made at Beaufort. 
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In the later zoea stages of Penaeus there are eight spines ; in 
Gelasimns an extra spine appears in the last zoea stages. In 
Macronra particularly is this the case, it being very common to 
find a large number of spines on the telson (Callionassa). Stoma- 
topods also present many instances of the same. Since then no 
protozoea has more than seven spines, while later stages fre- 
quently have a larger number, it is quite evident that the larval 
cuticle must refer to some form quite like a protozoea. In the 
typical protozoea there is a forked telson with seven spines on 
either side, and a large pair of swimming second antennae ; and 
in the larval cuticle of Fanopens there is a forked tail with seven 
spines on either side, and a large pair of second antennae which 
were undoubtedly once swimming appendages. Morphological 
evidence therefore authorizes us in conchiding that the two refer 
to the same phylogenetic stage. 

But the probability of such a conclusion appears still greater 
when we come to consider its significance in enabling ns to inter- 
pret certain points in Decapod embryology, for it is more than the 
substitution of the word protozoea for the word zoea. Fritz 
Mfiller studying under the impetus given him by the Origm of 
Spedea, concluded that the zoea‘ was to be considered as an 
ancestral form, from which all Crustacea which pass through a 
zoea stage have descended. This conclusion necessitates the 
belief that in the phylogeny of the group the head and abdomen 
appeared firsf, and that the thorax was afterward interpolated. 
If this be so, our understanding of the history of Crustacea will 
be greatly affected by it. But there have appeared many reasons 
why Muller’s views must be rejected. Claus has conclusively 
shown that we cannot accept a zoea as the original stem, but we 
must believe that the segments of the body have appeared in 
regular order, from before, backwards ; and in such a history a 
form with no thorax, but well developed abdomen, has no place. 
But admitting this, it becomes a puzzle what to do with the zoea. 

' It is hardly necessary to point out that the term zoea, as used by MQller, and 
as will be seen later as used by Balfour, has a different meaning £n>m the term 
zoea which Clans considers an ancestral type. Both MUller and Claus saw that 
the larval cuticle referred to the zoea of Penaeus ; but Miiller concluded that the 
typical Decapod zoea with no thorax was the ancestral stem, while Clans found the 
stem in the zoea of Penaeus, a very different animal. Claus' view is much the 
same as is argued here with the suMitution of protozoea for zoea. . 
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The zoea stage is of almost nniversal oceortenoe among Deoar- 
)K>ds,^ and is alM present in Stomatopods. Upon all prindples of 
embryology then it mnst have some important meaning. 

Then is no need of here reviewing the argoments need by 
Clans for showing that a form like Penaene zoea was probably 
tiie form from which other zoeas descended, beyond pointing ont 
one or two facts. 1. -All of the arguments used by Olane apply 
as well as if iSaa protozoea be taken as the first stem form, as they 
do when the Penaens zoea is the starting-point, for in each case 
do we have a form with the e^ments of the thorax developed. 
2. While Clans and others bave shown by studies on Penaens, 
Lndfer, etc., that the protozoea stage mnst be included in the 
history of Macronra, studies on crab larvae show equally well 
that sndi a stage mnst also be inclnded in the ontogeny, and 
therefore probably in the phylogeny of Brachynra. 8. Clans 
oonolndes that a form like Penaens zoea with all its segments, 
was the original stem of the higher Crustacea, and that the ordi- 
dary zoea so commonly occurring in Macronra and Brachynra is a 
secondary and a ktrval modification of this stem. To this latter 
statement Balfour objects, and assumes that while the higher 
Crustacea must have developed their segments in the order which 
Clans describes, still there probably existed a later ancestral form 
with a shortened thorax, from which the typical zoeas have 
descended. Upon this assumption of Balfonr’s the study of the 
larwal skin of crabs bears some direct evidence. , 

It may be well just here to mention a few facts which in^- 
cate that secondary larval modifications of importance do exist in . 
the zoeas, particularly as the points I shall speak of have hitherto 
not been noticed. I am aware that an embryologist in speaking of 
larval modifications, and the consequent falsification of the em^ 
bryological record, is treading on dangerous ground. Eminent 
biolc^sts have expressed themselves as ont of sympathy with this 
sort of reasoning, considering it as very unsdentifio. But at the 
same time there seems no reason to doubt that the term larval 
modification has a meaning and expresses a fact of nature. 
Larvae .are free swimming animals, and obtain their food 1^ 
their own exertions. They are, therefore, engaged in a stmmle 
for existence, and are subjcict to modifications as truly as 'are 

'Some crabs ate saM to be without a zoea stage. 
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adults, perhajM eyea more so, sinoe they are infinitely more 
abundant than are the adults. Thwe is no reason in nature why 
the environment should not affect larvae as well as adults. The 
only question is as to our ability, with the evidence at our com* 
maud, to unravel the confhsion without making unwarrantable 
assumptions. In many oases, however, this can be done in such 
a manner as to leave no room to doubt as to its correctness. In 
the instances given in the previous pages we have undoubted 
proof that such larval modifications do occur in Crustacean 
development. Take for instance the very evident meaning of 
the zoea of Pinnotheres ostreum. This zoea has a tail such as is 
fignredin Fig. 9, and, as has already been pointed out, only one pair 
of antennae. Now all other zoeas, as far as is known, have two 
pair of antennae ; if therefore the zoea does represent an ances- 
tral form, it must be a form with two pair of antennae. We 
must therefore oondnde that the loss of the second antennae is a 
larval modification, or that Pinnotheres has descended by a special 
line from a special ancestor, which is of course absu^, and is, 
if necessaiy, further negatived by the fket that its larval skin has 
two pair of antennae. Or again, compare the tail of the same 
species with the tail of another species of the same genus figured 
by Fritz Mflller.^ The tail of Mfiller’s species was the ordinary 
forked tail with three spines, so common to crab zoeas. It very 
much resembles the tail of Sesarma figured in Fig. 13. It has 
in fact not the slightest resemblance to the tail of our species. 
Now even if the zoea did represent an ancestral stage, it must be a 
stage very far back in the history of the group. But the two 
species of Pinnotheres are, however, only the very latest diver- 
sions, and the great difference in the form of the zoea which such 
closely related spedes present cannot possibly be referred back 
to any difference in a zoeal ancestor. There is no avoiding the 
condusion that we have in the peculiarities of Pinnotheres zoea 
instances of larval modifications. 

A more general result of the same kind may be obtained by 
comparing the zoeas and m^alopa. of various crabs. Among 
zoeas there is a very great variety of forms. .Compare for in- 
stance the zoea of Pinnotheres with that of Panopens. In one 
cale we see a rounded body with no dorsal or lateral spines, with 

‘Fritz Uuller. Fttr Darwin. 
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a plat^Iike tail, with the first pair of antennae- mdimentaty «id 
the second pair entirely wanting. In the other the body is of 
different ^ape, it has enormonsly long dorstd spines and a long 
rostrum ; its tail is forked, each half carrying four spines, and the . 
antennae, particularly the second pair, are veiy large and well 
developed. This is a single instance, but it would be easy to 
find any number of similar oases, for zoeas of different crabs 
when compared with each other are exceedingly unlike. But 
how is it with regard to the next stage? What will be the 
result of the comparison of a like number of megalopa ? 1 think, 
that every one acquainted with Crustacean embryology will agree 
that the megalopa are much more alike than the zoeas. Compare 
for instance the two pair of antennae. While in the zoea stage 
these appendages present much variation, in the megalopa stage 
there seems to be a uniform type in which all agree. The first 
pair is short, bent, and has a large ear sac ; the second longer,” 
uniramons and jointed, with hairs at the joints. Or again, in 
the shape of the tail, a point of such variety in the zoeas, the 
megalops shows wonderful sameness. The shape of the carapace 
also, while it is somewhat more variable than the other points 
mentioned, presents a great adherence to a given form. It is 
long and fiattened, usually roughly rectangular, and carrying inT 
ffont a rostrum of varying length. It is certainly possible to 
distinguish the megalopa of different crabs from one another, but 
it is done by the comparison of minor points, i. e. size, distribn* 
tion of pigment, etc. A comparison of a certain nmnber of crabs 
in their different stages will show that in the zoea stage they are 
very unlike, often more unlike than in the adults ; while at the 
megalops stage they have again attained a form in which they 
|>reeent few diffnences. Now this fiust, so much at variance 
with the principle that embryos proceed from the like to the 
unlike, is only explicable on the supposition that the peculiari- 
ties of the zoea are due, not to inheritance from an ancestral ^pe, 
but to secondary larval modifications. 

Some of the peculiarities of the zoea are larval modifioatmns, 
but how many of them ? Are we to consider this fret to be oonp 
fined to a few, and to the minor points ? or are we to extehd fr to 
niore important ones, and consider the zoea of the ordinary 
itself as a larval modification? To the latter question Bamur 
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has answered no. Admitting the force of Clans’ argnniente he 
’ believed that the Malacostraca are descended from a form with 
head, thorax and abdomen ; but he also thought it probable 
that a later stage, with no thorax, also existed as an adult foiiii, 
and from this the various zoea have received their peculiarities 
by inheritance. He thinks the zoea of diiferent groups too much 
alike to be explained on the hypothesis of Claus, although their 
minor differences were thus acquired. Balfour’s reasons for 
believing the zoea to represent an ancestral form are chiefly the 
points of agreement in the number and character of the appen- 
dages, and the form of the abdomen, etc., between the different 
zoeas.” But what is this agreement ? All zoea, with the excep- 
tion of Pinnotheres, have the antennae, mandibles and maxilla 
present But this is not remarkable since the shortening of the zoea 
body occurred at the thorax and not at the head, nor is the 
* character of the appendages very similar. Compare for instance 
the antennae of Pinnotheres with those of Panopeus, or with 
those of Palsemonetes. But as for the rest there is not even 
uniformity in the number of appendages. Crabs usually have 
two maxillipedes, but Porcellana has the rudiment of a third. 
Macroura have three maxillipedes, while in the zoea of Lucifer, 
Penaeus, etc., the segments and appendages of the thorax are also 
present, and some of them are also present in other Macroiiran 
zoea. Nor does the likeness in the number of segments appear 
of any more weight, because in the first place there is no such 
likeness. The crab zoea has at first five abdominal segments, 
while the Macrouran zoea has six. But we should, even accord- 
ing to the theory of Claus, expect a considerable uniformity on 
this point. This theory would probably find that the zoea body 
of the zoea (protozoea) has been shortened to adapt it better for 
a swimming life. The most simple method for this shortening 
would be in a disappearance of the least important part of the 
body. The head would of course be retained, since it contains 
important organs. The abdomen would be retained as a swim- 
ming organ. This would lead us to expect a relation much as 
we find it. Again, the likeness in the form of the abdomen is 
n^found. Compare the abdomen of a crab zoea with that of a 
sElSmp and there is indeed almost no likeness. Eaclii consists of 
a number of cylindrical segments, but that is about the onlysimi- 

1*1 ^ 1,2 
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luity. The number » not alike, the shape is not alike, therelation 
to the oephalothoraz is not alike, the shape of the telson is not 
alike. The various likenesses upon which Balfour lays such stress 
do nc^ then appear very remarkable, and may be all explained by 
inheritance firom the protozoea. 

Balfour’s reasons for accepting the zoea form as ancestrdl do 
not appear .very cogent, and there are also important positive 
arguments against it. B[e supposes that in the history of the 
group the whol^e thorax disappeared, and afterwards reappeared 
again, and this is evidently difficult to believe. Balfour endeav* 
ors to meet the difficulty by supposing that " the larvae of the 
zoeal ancestors always developed the appendages in question.” 
But this is a simple assumption mid does not diminish the 
difficulty. 

Oertain other facts make their appearance in connection with 
the study of the larval skin of the zoea which, when their con- 
nection is studied, leave Balfour’s theory untenable. It is im- 
possible to consider this larval cuticle in any other light except 
as the cast-off skin of some previous stage. Now we have seen 
that this skin is a remnant of some stage resembling a protozoea, 
and if there bad intervened in the ontogeny of the group 
between this stage and the ordinary crab zoea, a well-marked 
ancestral .stage with no thorax, and with the peculiar structure 
which Balfour assumes as an ancestral form, it is very remark- 
able that the protozoea should so universally be represented in 
the larval cuticle, and never the hypothetical zoeal ancestor. A 
comparison of Figs. 1, 2, 9 and 13 will show that the cuticle is 
in all cases either a protozoea form or a d^eneration of this 
form to a simple covering. In none of these cases can it be 
considered as a zoeal remnant. Now if the zoea did represent 
an ancestral form, we would much more naturally expect that 
in the higher modified zoeas we should find the larval skin to 
give evidence of this ancestral type, rather than to be reffihed 
back as far as the protozoea. 

Without pressing this point, the same conclusion is reached 
from another stuidpoint Baffonr himself would undoubtedly 
have admitted that, if by a carefhl study the various differeni^ . 
sbou^ by different zoea could be traced backwards in conveul^. 
ing lines till they all met in one form, that this form Would 
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neeemrily be ooneidered as the ancestral stem. ' Now by iAMf 
fhcts bronght out by the various papers which trfiat of the lai^^l 
skin it becomes evident that this can bo done. By the results ^ 
the work of Dohm, Clans, Faxon, Meyer, as well as those em* ' 
bodied in this paper, we see that all zoeas in which the prerions 
history can be traced are to be referred back to a form with a 
forked telson with fourteen spines, and probably a form swim- 
ming by its antennae. Wo can therefore hardly escape the 
oonclnsion that from this form, whatever it might have been, 
the varions zoeas have sprung. Now if it be admitted as is 
argnod here that this form is nothing bnt a protozoea, we 
have the best embryological proof that the zoea are descended 
from a protozoea form, and* not from a later zoea ancestor, as 
Balfour supposes. Or if it be not admitted that this cuticle refers 
to the protozoea, and be claimed that, as M&ller points out, it 
refers to a zoea like that of Penaens, the result as far as concerns 
the meaning of the ordinary zoea will be the same. For Penaens 
zoea is not formed after the type of ordinary zoea, bnt has a 
complete thorax. In either case then the conclusion is that the 
zOea of all ordinary Decapods can bo traced backwards to a form 
with its body supplied with a thorax, and from this form the 
zoeas have diverged. We get therefore no hint of a later ances- 
tral zoeal form with shortened body, which must therefore 
remain an assumption, against which the facts of embiyolr^ 
speak quite strongly. 

Another objection to this conclusion has also appeared. BroOks* 
has pointed out, that if the zoea be a larval modification, we 
cannot explain the appearance of zoeal peculiarities in Schizo- 
pods which are absent in the lower Macroura. If, however, the 
protozoea be taken as a stem form, this objection hardly seems 
valid. The presence or absence of. a larval peculiarity will not 
depend upon the degree of development of the adult, except in 
a very indirect way. It is jprobable, it is true, that the more : 
highly developed Crustacea will, as a rule, have more highly, 
modified larvae, but at the same time we must remember that it 
is not the environmrat of the adult which produces larvid modi* 
fioatione, bnt the environment of the larvae. Now tbwe is no 
diflenliy in believing that the larvae of Sdiizopods might 

> FUL Tmns., Vd. 178. 
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been placed under circmnatances in which a shortened body 
would be of advhntage, and if this were the case there is ho reason 
why the thorax should not disappear here as well as in the higher 
Crustacea. And* on the other hand, there is no difficulty in see- 
ing that the larvae of certain low Macroura might be under 
. drcnmstances where a shortened body was not necessary, and the 
final condition of the adult would not afiect these circumstances 
except very indirectly. If then we start with a protozoea as a 
stem form, we can see no difficulty in the fact that some lower 
Crnstfu^a may have a more highly modified larvae than others 
which are higher in adult classification. The fact then that 
certain Schizopod larvae possess no thorax, while some of the 
lower Macroura do possess these segments, is not a difficulty as 
at first appeared. If further, as Boas^ has shown ^o be probable, 
the Schizopods do not represent a natural group, the difficulty 
disappears altogether. 

Boas in the above-mentioned paper, which is certainly one of 
the most valuable papers on Crustacean morphology which has 
appeared for some time, arrives at a conclusion which is some- 
what at variance with that suggested above as to the origin of 
the Decapods. He finds the stem form of the higher Crustacea 
in the Fhyllopods, and derives the Malacostraca directly from 
them. . A careful study of this paper will convince one that 
Boas has not dravm his conclusions without good reason, and that 
in the main he is right, at least as to the relation of the various 
Malacostraca to each other. His classification is certainly a 
more natural one than has previously appeared, and as far as the 
relation of the various groups of Malacostraca is concerned there 
seems great probability that he has reached correct conclusions. 
But he is hasty in assuming that they are derived directly from 
the Phyllopods, and indeed gives no good reasons for this 
assumption. It seems, according to Packard,' that there are 
very strong reasons for disbelieving any such view, and for look- 
ing upon the Phyllopods as a quite highly modified form. Boas 
in his deductions hardly takes into consideration the embxyolqgy 
of the various forms, or at least docs not give to this brandi of 

, <‘Boai. Studien iiber der Yerwandsohaftsbedehuiigea der Malsknutokwi. 
Morph. Jahr. 1888. 

-’Packard, A. S. Monograph of North American Phyllopoda 
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evidence its due weight. He leaves no room in his phylogenetic 
stem for anything to which the zoea stage can refer.^ Now if 
embryological evidence, or rather in this case evidence from 
metamorphosis, has any significance, there can be no doubt that 
the long series of protozoeas and zoeas must have some meaning, 
and Boas is not justified in leaving them out of consideration aa 
he has done. All of the results of Boas are reconcilable with the 
teachings of embiyolc^, if we make a slight diange. He derives 
by direct descent from Fhyllopods, a form of Schizopod (Euphau- 
sia), and from this point on the one hand he derives the Deca- 
pods, and on the other the remaining Schizopods, Isopods and 
Amphipods. Now if we substitute for the Fhyllopods in this 
scheme a form equivalent to a protozoea, we have at the same 
time reconciled the deductions of Boas as to the relations of the 
Ufalacostraca, the conclusions of Packard as to the position of 
Fhyllopods, and the evident teachings of embryology of Deoa> 
pods, Schizopods, etc. The conclusion obtained by the study of 
embryology as here explained is not at variance with those of 
Boas obtained by a comparative study of the adults, except as to 
the relation of Malacostraca to the Fhyllopods, and in this respect 
it is in coincidence with results of Packard’s study on the 
Fhyllopods. 

It is always interesting to take into consideration what might 
have been the reasons for the various changes that embryology 
shows, have taken place, even if there is no great probability 
that our reasons are the actual ones which produced these changes. 
Such speculations do enable us to get a better in»ght into the 
workings of nature and help us to interpret her mysteries. It 
may not be an idle question, therefore, to ask, how did this larval 
mo^cation which produced the zoea from the protozoea come 
about! The zoea differs from Idie protozoea principally in the 
absence of the thorax with its appendages. The body was prob- 
ably ^ortened to enable the larva to swim better.. The value of 
great, swimming powers in a larval form is evident A com* 
parison of the swimming of the zoea of a crab or a shrimp wi& 
^t of the protozoea or zoea of Praaeus, diows immediately that 
the forme without a thorax are much better swimmers. There are 

have, unfortanately, been nnaUe to obtain Boas’ paper npon the Deoapods. 
(Vedensk. Selsk. Sckrlft. natonr. og. math. afd. 6, B. 1.) 
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^ probably two reaBons for this. 1. The body is more oompaet In 
diape and therefore better adapted for swimming, and the abdo> 
men is so joined to the cephalothorax as to enifole it to be need 
as a swimming organ. 2. A second reason is fonnd in the dis- 
tribntion of the force of development. If all the energy of a 
developing embryo be concentrated in building np two regions 
of the body, head and abdomen, it is clear that in a given time 
these r^ons would reach a more complete state of development 
tiian' would be the case if part of the developihg energy was 
turned toward the building of the thorax. In such a case we 
might expect to find, in the zoea without a thorax, a more highly 
developed abdomen and head, and a body better adapted for 
swimming. Here then do we find one reason for the disappear- 
ance of the thorax in the larvae. We would get by thus concen- 
trating the developing energies an animal better fitted for the 
struggle for existence to which it as a free living animal is 
exposed.. Now, a person who has compared the habits of the 
protozoea with those of an ordinary zoea will be convinced that 
this probably expresses a truth, for the zoea is much better 
adapted to struggle with its enemies than is the protozoea. . It is 
quicker in its motions, and has no long, cumbmome locomotor 
antennae. A protozoea cab easily be caught with a glass tube, 
but it is much more difficult to catch a zoea. Now it is probable 
that the greater vivacity of the zoea is due to the more perfected 
development of the parts present, and it is by no means improb- 
able that this may be due to the fact that the thorax is unde- 
veloped, thus enabling the developing energies to be directed 
towi^ the perfecting of the rest of the body. 

It will also be interesting to make a comparison between the form 
of a zoea and that of the adult, and to discover, if possible, whether 
there be any connection between them. The Hacronran zoea has 
a broad swimming plate for a telson, while the crab zoea has a 
smaller and a fork^ telson, evidently not particularly adapted 
to swimming. Meyer* thinks that an expluiation may be fonnd 
in the relative habits of the adults ; the crab being largely a 
walking animal has retained its original forked tail in its zoea, 
while the Macronra being a swimming animal has developed a 
swimming tail in its larvae. We can hardly see, however, in 

' Jen. Zeit XI. 
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what way the life of the adult can thoa influence the tul of the 
larva, partionlarly ainoe it appeara that the zoea ia a aeoondfo^ 
larval modificatfon. There may be, it ia true, a certain anioi^t 
of connection between the general form of the zoea and that/of 
the adult The zoea muat eventually change into the adult, and 
evidently the more the zoea approzimatea to the adult in form 
tile leaa radical will be the change. All embryologiata have 
found that it ia at the period of moulting that the young zoea 
are moat apt to die, and that the greater the difference between 
the two atagea the greater the difficulty of paaaing . throu^ the 
moult aafely. It followa from thia that, other thinga being equal, 
natural aelection would tend to preaerve theae larval forma 
which are moat like the adult. Comparing the adult ahrimp 
with the crab, bearing in mind thia principle, what differencea 
might we expect to find between their reapective zocaa) Evi- 
dently that the crab zoea would have a tendency to develop a 
large cephalothorax and a amall abdomen, while the ahrimp zoea 
might poaaeaa a email thorax and a large abdomen. It ia need- 
leee to point out that thia ia exactly what we do find. The crab 
zoea poaaeaaeq an enormoua cephalothorax and a email abdomen, 
the ahrimp zoea haa a email cephalothorax and a lai^ abdomen. 
Or another point of comparieon may be found in the poeition in 
which the abdomen ia carried, though it ia by no meana as. cer- 
' tain that it haa any meaning. The crab zoea carriea ite abdo- 
men doubled under its body in a manner which certainly reminds 
us of the poeition of the same in the adult, while the tiirimp zoea 
carries its long abdomen stretched out behind the cephalothorax, 
more ae it is in the. adult ahrimp. Perhaps this can be made 
more evident by considering what a great metamorphosis a shrimp 
zoea would be obliged to go through to become converted intp a 
inegalops; or still more, to imagine what a very great change 
would be required to transfer a crab zoea into tite first stage of 
the adult shrimp. It seems quite evident then, that the fo^,pf 
) the adult may in some such general way influence quite maferh^y 
^the tiiape of the zoea, and that this probably accounts for the 
. pincipal differences in the general form between the zc^ -pf 
crabs and the zoeas of .Macroura. But beyond aome such g^,e^l 
effects it is impossible to aee how the adult can influence the feep 
swimming larvae. In minor points there can be no traceable 
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relation. If then the zoea be simply a secondary larral modifi- 
cation, we cannot find aO explanation of the shape of the two 
forms of zoea tail in the habits of the adult animals, and an 
explanation must be sought for difTerent from that given by 
Meyer. 

An explanation can be found without any very great difflcnlty, 
an explanation somewhat similar to that given by Meyer, except 
that it finds the differences in the due to differences in 
the habits of the zoea themselves, and not of the adults. The 
Macronran zoea is a much more powerful swimmer than the Bra- 
chynran crab zoea, and this is a peculiarity which especially fits 
it for its struggle for existence. There appears in the crab zoea a 
tendency to develop spines upon the cephalothorax and elsewhere, 
which spines, as Mfiller has shown, are for protection. This zoea 
has therefore become fitted for its struggle for existence by acquir- 
ing a coat of defensive armor. This being the case, the crab 
zoea does not require any very great locomotor organs, though 
of course it is necessary that as a free swimming animtil it should 
have some rapidity of motion. But the crab zoea does not 
depend upon flight for protection, and hasthereforeoiot developed 
any powerful swimming tail, but has retained more nearly the 
protective forked, spiny tail of the protozoea. The Macronran 
zoea on the other hand seems to be largely dependent upon the 
-quickness of its motion to escape danger. A shrimp zoea is a 
remarkably vigorous' larva, darting away fitom its enemies tvith 
great rapidity. Not having any protective armor to rely on, it 
has acquired a swimming tail, the original telson becomes broad- 
ened out into a large flat plate, serving as a strong paddle, enab- 
ling the larva to escape its enemies by rapid flight. Quite sugges- 
tive is the case of Pinnotheres zoea. Here the body has lost all 
its peculiar protective armor in the shape of spines, and quite 
closely approximates the shrimp zoea in this particular. A glance 
at its tail. Fig. 9, .will show that its tail has at the same time 
became broadened out into a swimming plate. Another instance 
of the same kind is Tatnira, which is in most respects like an 
ordinary crab zoea, bat has no spines and has a broad flat swimming 
tail. It would seem, therefore, that the differences between the two 
types of zoeal tail are dependent on the different methods Of 
, defence which are exhibited by tire two groups: tiie one group 
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by acquiring a defensive annor retains relatively nnaltered tbe 
primitive tail ; the other having no snoh armor has been ooia? 
pelled to seek its protection in flight, and has become the pos- 
sessor of a broad surimming tail. It is thns possible to explain 
how the protozoea became modifled in the larvae of the different 
gronps of Decapods in different directions ; partly by a compari- 
son of the resnlting larval zoea with the adult which arises from 
it, and partly from, the fact qf the different methods which have 
been acquired in different groups for protection. 

Before leaving the subject, another question arises. We have 
seen that the zoea is a liwval modifleation which has never be«i 
represented in the history of the adults of the race. But how 
long has it been included in the larval metamorphosis V At the 
time when the Brachyura and other lines branched off fri>m the 
original Decapod stem, is it probable that their larval history in- 
cluded a zoea stage? Or are we to believe that at that time 
the larval history was a direct repetition of phylogeny? Some 
considerations lead us to the former supposition, without, how- 
ever, giving us sufficient grounds for accepting it. The fact that 
the zoea in various groups can be traced back by entirely sepa- 
rate lines to an original protozoea indicates that there was no 
common zoea form even in the larval history of the remote forms; 
but it would seem at first sight that it must be assumed that the 
crabs when they branched off from the Decapod stem possessed s 
zoeal larval stage. The zoea of crab is a perfectly characteristic 
form, not for one instant to be confounded with the zoea of any 
other form, all the crabs conforming to one type. The same is true, 
though perhaps less forcible, in the ordinary Macrouran zoea, and 
it would be easy to find an explanation of these, facts on the assump- 
tion that when the crabs and Macroura branched from the Deca- 
pod stem they each possessed in their metamorphosis a zoeal 
stage, and that consequently the zoeas of their descendants have 
certain inherited points in common. But while this hypothesia 
seems enticing, as accounting for the various likenesses as well 
as unlikenesses shown within any one group of zoeas, it is net 
a necessary assumption, and cannot therefore be made with 
much confidence. We have seen that many of the points wheredn 
the zoeas of crabs agree with each other, and differ from thoes :^ 
shrimps, are explicable on olber grounds. The relation ef 
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cej^alothorax to the abdoihen, and the sice of the abdomen, may 
be laigely dependent on the form of the adnlt; the lose of the 
tiioraz is hronght abont'‘to increase the swimming powers; and 
the shape of the tail may be dependent on the presence or absmi<% 
of a defensive armor. All of these modifying cironmstances 
would be present in the environment of all the zoeas of a givmi 
gronp, and the resulting form would naturally in most cases be 
quite similar. While then the above supposition would be veiy 
convenient in enabling ns to account for certain universal like- 
nesses found among crab zoeas, etc., we are not at present justified 
in making it. It may be possible that the zoea is ancestral in 
the sense that the original crab ancestor possessed this stage in 
its development as a larval modification, though it was not r^- 
resented by any adult form* But it is also possible that it is not 
ancestral even in this sense. At present we cannot decide be- 
tween the two views. 

The study of the larval cuticle of Macroura and Brachynra 
leads to the following results. All Decapods are to be referred 
back to a form similar to the protozoea, in which the segments 
of the thorax, and probably of the abdomen, were present, and 
whose antennae were locomotor organs. In the larval history of 
most living Decapods the protozoea has become modified by the 
free life of the embiyo, and the result has been the appearance 
in the embryology of a stage; a stage difiering quite widely 
in difierent groups of D^pods, and which must be considered as 
a secondary larval modincation, and not as an ancestral form. 

In conclusion, I wish to express my obligation to Dr. Brooks, 
who has aided me with valuable suggestions, and has kindly 
placed many of his drawings at my disposal. 


EXPLANATION OP PLATES. 

Pla^b I. 

PiouBE 1.— Tail of Panopeus zoea m the time of hatching, enclosed 
in its cuticle. 

Fiqubb 2.->Tail of Oallinectes zoea in larval cuticle. . 

PloxTBE 3. — Second antennae of Sesarma zoea. 

Koxjee 4.— Tail of Sesarma zoea a number of days before matnriiy. 
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S.'-First aat^iu^ of Sesarn^ coea at time of hatobiog.: : 
^GUBB 6. — Second maxilla of Seearma aoea at time of hatohing. ; 
Figubb 7>-^First maxilla of Sesarma zoea at time of hatohing. , 
Figubb 8. — ^First pair of maxillipedes of same. 
l^GUBB 9. — Tail of Pinnotheres ostrenm at time of hatching. 
Figubb 10. — ^Tail of same a number of days before hatching. 

Figubb 11. — ^First antennae of same, shoving the larval cuticle dor* 
responding to the lost second pair of antennae. 

Platb IL 

Figubb 12. — Second antennae of Panopens zoea, showing larval 
cuticle. 

Figubb 18. — Second maxilla of same. ' 

Figubb 14. — Second antenna of Oallineotes zoea within larval skin. 
Figubb 16. — ^Tail of Sesarma at time of hatching. 

Figubb 16. — Mandible of Pinnotheres zoea. 

Figubb 17. — ^Tail of protozoea of Penaeus. 

Figubb 18. — ^Tail of Elaphocaris (Sergestes). 

Figubb 19. — ^Tail of a second species of Penaeus protozoea. 

Figubb 20.— Tail of Acetes (?) 

Figubb 21. — Second antennae of Penaeus protozoea. 

Figubb 22. — Second antennae of nauplius of Penaeus. 

Numbers 1-7 in figures refer to the number of the spines, counting 
from the inside. 




LIFE HISTOBY OF THALASSEMA. Abstract. ByH. 

W. OONN, Assist^t in Biology. With Plate III. 

The observations embodied in this abstract were made at 
Beaufort daring the summer of 1882. Hoping to be able to con- 
tinue the observations and make them more complete, I reserve 
the publication of a full paper until some future time, and here 
give a brief abstract of some of the most important results. 

Our knowledge of the development of the Echinridae has been 
rather meagre. A paper by Hatschek,^ a short account of 
Echiums by Salensky,’ and a note by Kowalevsky,* contain, as 
far I know, all the observations which have been made upon the 
subject. These papers are entirely confined to the later stages, 
and except that Kowalevsky stated that Thalassema passed 
through a regular segmentation, nothing of the early history has 
been known. My own observations, which are at present con- 
fined to the early stages, a);e supplementary to those Already 
published, and fill up a gap which existed in our knowledge of 
the embryology of the group. With these observations we have 
a tolerably complete embryology of the Echiuridae. 

The species of Thalassema found at Beaufort is an nndescribed 
species to which 1 have given the name Thalassema mellita. It 
is of a dull red color, with a light yellow pre-oral lobe. A full 
grown adult reaches the length of an inch exclusive of the pre- 
oral lobe. The skin is nearly smooth, but is near the anus 
roughened by some whitish papillae. White bands, eight in 
number, extend from one end of the body to the other, marking 
the place of local muscular thickenings. The pre-oral lobe is 
long and fiexible, and in the living animal is kept in constant 
motion. This species has contracted the habit of seizing upon 
empty sand-dollar shells and making its home in them. It 

*Hstschek. Bntwicklungsgeschlohte von Echinrus. Arb. a d. Zool. hist. 
Wien. nL 

*SBlen8ky. Metamorphose des Bohiams, Morph. Jahr. 11. 

*Kowalev^. Zeit. f. vias. 2Sool. XXII, p. 884. 
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entera the shell at the oral opening while very smidl, bnt once 
within, it grows to considerable size, and remains the rest of its 
life a prisoner. One fact about this habitation, Tory conTenient- 
for the collector, is that, each inhabited shell is marked in a 
peculiar manner. Directly over the animal is seen a reddish brown 
horseshoe-shaped mark, which makes it very conspicuous and 
enables one to select at a glance all the inhabited shells. 

The anatomy of Thalassema is reiy much the same as that of 
Echinms, described by Spengel.' Thalassema is dioecious. The 
ova and mother-cells of spermatozoa are simply modified cells of 
the peritoneal lining of . the body cavity. Stretching from the 
wall of the body to the intestine are -numerous muscular bands, 
one of which, situated at the posterior part of the body near the 
anus, marks the position of the sexual organs^ The colls of the 
peritoneum covering this septum are converted into the sexual 
products. If this septum be examined during the breeding 
season it will be found covered with a laige number of round 
cells which are rudimentary ova or mother-cells of spermatozoa, 
all of them very small. They do not go through their develop- 
ment in this position, however, but very soon break a.way from 
the septum and float freely in the body cavity. They have thus 
early, almost before they can be distinguished as ova, lost all 
connection with the body mid are independent cells, floating to 
and fro in the peri-visceral fluid. From this fluid they absorb 
nutriment and rapidly grow. A laige number of yolk-spherules 
make their appearance in the egg, the germinal vesicle becomes 
distinct, and the vitelline membrane makes its appearance. The 
mother-cells of spermatozoa divide into a large . number of 
male cells, all of which, however, remain connected together 
in an irregular spherical mass. Having reached maturity the ova 
and spermatozoa masses are driven by some mechanism not^vell 
understood, into two pair of sexual poudbes (homologues of seg- 
mental organs) sitnat^ at the anterior part of the body, a short 
distance behind the mouth. In these pouches they remain for 
an indefinite period. During the summer these sexual pouches 
are always found filled, or partly filled, with ova or spermatozoa, 
which are always sexually mature. Th^ stay in this condition 

•Spengd. Zeit t w. Zool. ZXXIV. 
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for a long time, tlioee first prodnced probably remaining in thn ! 
ponoboB for many weeks' before they are dischaiged. Th^ are 
-.probably all dischaiged at nearly the same time throngh an ; 
\ opening by which eadi ponch commnnicates with the exterior. 

I have not, however, obserred this discharge. 

The segmentation presents a number of interesting points. As 
obtained from the sexnal pouches; the ova are never spherical, 
owing to the fact that they are so closely packed together. As 
soon as fertilization takes place, however, they become perfectly 
spherical, and the germinal vesicle at the same time disappears. 
Unfortunately the multitude of yolk-granulm prevents any obsor^ 
vations on the internal phenomena accompanying segmentation. 

. Inabontfifteenminutesaftorfertilization thevitelline membrane 
is slightly elevated %t one point, and a small, perfectly clear mass 
of protoplasm is protruded from the egg, the first polar globule. * 
, A second soon makes it appearance, and. the first one divides into 
two parts. This seems to be the rule in all normally developing 
ova. One interesting fact was noted in the protrusion of these 
polar globules. There is exhibited the same rhythm of alternating 
periods of activity and rest that has been so many times observed 
in- segmenting ova. The first period of activity (the protrusion 
of the first polar globule) was universally succeeded by a period 
of rest lasting teii minute The second period of activity. was 
succeeded by a second rest, of very slightly longer duration. 
Then followed the s^mentation with its rhythm, which seemed 
to be a direct continuation of that of the polar cells, except that 
the resting stages were slightly Idnger. An argument is hmre 
found for considering the protrusion of .polar globules as a pro* 
cess homologous with segmentation. Three points were noticed 
in regard to th£lb bodies. 1. The protrusion of the polar globules . 
is brought about by fertilization, never occurring before fertiliza- 
tion, but appearing in a few minutes after. 2. It is a process to 
be cpmpared with segmentation, as is shown by its possessing a 
like rhythm. 3. The .polar globules aro formed within the : 
vitelline membrane, and are not, as is sometimes the cas^ pro- 
truded throngh it. 

The segmentation is perfectly regular and uniform, a fact 
peculiar interest. The work of Hatschek has shown that the 
Eohinridae are undoubtedly Annelida. Kow all Annelids, 
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perhaps the exception of Serpnla and Tnrebellidis, have a 
mentation more or less irregnlar. A reason for the pecnliaiitj 
exhibited by Thalassema is fonnd in the fact that the entiip de< 
velopment takes place in the water. An egg which goes through ; 
all its changes in a homc^eneons medinm of nearly its own 
specific gravity will evidently not be acted on by gravity in 
such a manner as to bring about an accumulation of foodyolk 
at one pole of the egg. And since it is to such an accumulation 
that irregularities in segmentation are due, we find here a reason 
why the segmentation of Thalassema is regular. Kot only is 
this true of Thalassema, but the same principle is found to be of 
considerable importance in other groups of the animal kingdom. 
For instance, Flathelminthes, Folyzoa, Chaetopoda, Discophora, 
Tracheata, Ornstacea and Vertebrates, are groups in which is 
found an irregnlar segmentation, and at the same time have an 
ovum usually stationary and always protected in some way or 
other. On the other hand, the Echinodermata, Chaetognath and 
many Ooelenterata have a freely floating ovum and a regular seg- 
mentation. This point cannot in this place be further expanded. 

The result of s^mentation is a spherical morula of ciliated 
cells containing a small segmentation cavity. About the sixth 
hour the second stage of development begins, the formation of a 
gastfula. This is formd by a typical invagination. At the same 
time two other important changes take place. 1. The region 
offpodte the blastopore becomes marked ofi' as the anterior ex- 
tremity, and already functions as a head. It develops a tuft of 
sensory dlia, which are carried stiffly protruding and do not share 
in the motion of the general covering of cilia, and further it 
soon develops an ectodermal thickening, the future supra-oesopha- 
ged ganglion. 2. The larva which has hitherto simply ex- 
hibited a revolutionary motion, owing to its uniform coat of 
cilia, b^pns to assume a translatory motion with the anterior end 
in advance. This is due to the appearance of a band of long 
locomotor cilia around the blastopoA, which future study proves 
to be the pro-oral band. It is thus possible even in this early 
period to distinguish an anterior from a posterior end, and to thus 
trace the relation of the gastmlar axis to that of the adult. 

The gastrula is now transformed into a trochoe^here larva as 
follows : The invaginated sac, which has now grown quite laige, 
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booomes divided into two parts, an oesophagns and a stomaeh., 
They both rapidly increase in length, and the digestive tract be-^ 
coming longer than the body cavity (the original segmentation 
havify) becomes doubled npon itself in such a way that the 
blind end lies near the * mouth. Meanwhile the larva has 
elongated in a direction not coinciding vaith Ihs long axm of 1M 
gaatrvlay but more nearly at right angles to this axis. There is 
thus a change in the long axis of the larva, which is now nearly 
. at right angles to the original gastmla axis. The blind end of 
tlie digestive tract unites itself to the body wall at the extremity 
of the elongated larva, an opening breaks through forming the 
' anus, and finally a constriction appears separating the stomach' 
from a smaller intestine, thus completing the alimentary canal. 
Owing to this peculiar elongation of the larva, the relation of the 
trochosphere thus formed is different from what might have been 
expected. This relation can, however, be best understood by 
means of the accompanying figures. Fig. J., By C and By Plate 
III, than by any description. In those figures the line AB is the 
original gastmla axis, and the line CD is the axis of the trocho- 
sphere. This method of formation of the trochosphere, particularly 
the change in the direction of the long axis, forms a strong confir- 
mation of Balfour’s theory of larval forms as advanced in his 
Comparative Embryology. A comparison of Figures A-B with 
his figures (Fig. 231, Yol. 11.) will show that what actually 
takes place in the Thalassema is just what he supposes to have 
-taken place in the phylogenetic history of larval forms. 

The ciliated band mentioned above as appearing very early be- 
comes changed. At the gastmla stage and in the early trocho- 
sphere it consisted of a wide band of cilia, situated in the 
• gastmla around the blastopore, and in the trochosphem in front 
of it. Figs. A-B. This band disappears and becomes replaced by 
a single row of very long, powerful cilia. This is the pre-oral 
ciliated band of Annelid larvae, and seems to be not the same. 
stractnre as the ciliated ban A>f the gastmla, though it has the 
same position and the same function. The new ring of cilia is a 
much more powerfhl locomotor oi^n than the old band, owing 
to the great length and power of the individual cilia. This is 
immediately made evident by the fact that the larvae now move 
with mudi greater freedom than before, swimming beneath the 
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sarfaoe rather than at the surface. The anterior region, which 
has bj the growth of the larva become pushed to one side of the 
month, Figs. now becomes still more definitely designated 
as the head end by the greater development of the nervous 
ganglion and the uniformity with which this end is kept in 
advance. 

The mesoderm appears very early in the history of the larva, 
and arises in two different ways, forming two different meso- 
dermal systems. ' First, there is formed the two mesodermal bands 
so common to Annelid larvae, as has been so beautifully shown 
by Hatschek.^ The second part of the mesoderm consists of a 
lai^e number of unicellular muscles which extend from the ali- 
mentary canal to the body wall, especially at the region of the 
oesophagus. They regulate the movements of the oesophagus 
and stomach as well as slightly enlarging their cavities. These 
cells are originally separated off from the endoderm at the time 
of the invagination or somewhat later, having thus an origin very 
similar to that of the mesoderm in Echinoderms, as shown by 
Salenka.^ There is thus present in Thalassema mesoderm, cor- 
responding to both of Hertwig’s* divisions, enterocoela and 
pseudocoela. 

Three other ciliated bands soon make their appearance. One, 
a post-oral band, appears immediately behind the mouth, and 
like the pre-oral band, consists of a single row of cilia. A second 
band is developed just in front of the anus. A third belt of 
cilia is of more interest. It is found upon the ventral median 
line, i. e. the region between the mouth and the anus, in pre- 
cisely the place where the ventral nerve-chain is to arise. It is 
thus seen that both the cerebral ganglion and the ventral nerve 
chain are preceded by the development of cilia from the very 
cells from which the nervous elements are to arise. It is an 
interesting point as indicating that already these cells are differ- 
entiated as nervous elements, although at first there is no trace 
of any nervous system. The pre-o^l band probably has a similar 
meaning and may be homologous with the marginal nervous 
ring of medusae. 

’Hatsohek. Arb. a. d. Inst. d. Unlrersitaet, Wien, 1878. 

* Salenka. Zeit. t wis. Zool. XXVII, 1870. 

’Heitwig. CoBknntluHrie. Jena, 1881. 
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lami formed as above desoribed is a typical troohosphere 
larva, agreeing in ■ most respects with that of Echiurus and 
Annelids in general. I was unfortunately unable to keep my 
larvae int^re than seven weeks, when they were killed by a violent 
thunderstorm. Tip to that time the only important fhrther 
changed which had taken place were the appearance of a ciliated 
ex^tory(?) oigan connected with the intestine, and opening into 
the body cavity; the segmentation of the mesodermal bands; 
land the development of the ventral nervous chain. The latter 
appear as two nerve chains, one on each side of the median line, 
almost precisely as is described in Lumbricns by Kleinenbeig.^ 

The more important points observed and studied are therefore 
as follows : 

1. The origin of the ova and spermatozoa as modified peri- 
toneal cells, their growth in the body cavity, and their preserva- 
tidn in a sexually mature condition in the sexual pouches. 

2. Protrusion of two polar globules exhibiting a rhythm pre- 
cisely similar to that of the segmenting ova. 

3. Segmentation, which is exceptionally among Annelids 
perfectly regular. 

4. Formation of gastmla by a typical invagination. 

5. The early appearance of a pre-oral band of cilia, and its 
subsequent disappearance and re|ilacement by a row of longer, 
more powerful cilia. 

6. The transformation of the gastrula into a trochosphere by 
a peculiar method of growth. 

7. Origin of mesoderm as twofold, and the segmentation of 
mesodermal bands. 

,A. Origin of ventral nerve chord from the ectoderm as a 
biAteral structure. 

Figs. A-D illustrate the change of the gastrula larva into a 
trochosphere. 

’Qeinenbeig. Development ot Lumbricns tmpezoldes. Quar. J. Mic. Soi.. 
XIX. 




OF THE GILL IN SOME FOBMS OF FBOSO- 
BEANCHIATE MOLLUSCA. By HENBY LESLIE 
OSBOBN, Fellow by courtesy in Johns Hopkins UniTersity. 
With Plates IV, V, VI. 

The researches of Peck, and later of Mitsuknri, upon the gills 
of the lamellibranchs have made it tolerably clear that the highly 
complicated gills of some of the lamellibranchs are derivable 
from a simple series of folds of the body wall. These results 
have ’an important bearing upon the question of the ancestry of 
this group, since they show that these ancestors had a far simpler 
gill than that of the lamellibranch of to-day. There are various 
reasons for supposing that this ancestry is to be found in the stock 
of the cephalophorouB mollusca. At the suggestion of Dr. W. K. 
Brooks, I have undertaken to make a careful and minute study 
into the gills of the gastropoda, hoping that perhaps from this 
source additional light may be thrown upon the problem of mol- 
luscan phylogeny. It is with regret that I present this incom- 
plete review of the prosobranch gill, and in the hope that 1 shall 
be able to secure the material for a thorough and complete 
survey of this entire question in the near future. 

The gill of Chiton has been elucidated by Bela Haller, in the 
second part of his.paper upon the Chitons of the Adriatic,* and he 
gives sufficient reason for considering the separate pouches along 
the mantle groove as individual gills and homologous with the 
gill of higher gastropoda. This view is accepted by Lankester 
in his article Mollusca,” in the Encyclopeedia Britanuica,and the 
homology was suggested by Dali and others before. The gill in 
the Adriatic species studied by Haller may be briefly described 
as a series of flat rounded plates attached above one another 
upon a central rachis, and bored through at opposite ends of the 
diameter of each plate by a vessel which enters upon the base of 
the gill on one side, runs up over the summit and down u^n 
the other side. There are thus two vessels communicating with 

'Haller, B. Die Organization derCbitonenderAdiia. Clans, Arbeiten,Vol.T, 

1888. 
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the blood supply, one of which is incnrrent, the other excnrrent. 
This ie veiy similar to the plan of the gill in Fissurella,* and is 
the only plan of the gill described for any Chiton. 

In Chiton ap. which is abundant at Beaufort, North Caro* 
line, upon shelly bottoms in protected ** sounds,”! found the gill to 
be unlike that ordinarily described for Chiton. It consisted of the 
usual circular flat lamellae arranged one abore the other, and 
united by a central rachis, but with a single central bloodvessel 
running from the base to the tip of each gill,. and without the 
two vessels for incnrrent and excnrrent blood flow. Fig. 1, 
a, h, 0 , is a series of sections in which the cavity of the blood- 
vessel is represented by dots, and the general lacunar tissue of the 
body cavity by parallel lines. From this it will be seen that the 
gill bears but a single blood-space and that this is central. Figs. 8 
and 4 are from two sections, one to one side of the middle line, 
one in the middle line of the gill, and both longitudinal. There 
the epithelium is seen passing over from one plate upon the rachis 
to the next plate, leaving everywhere a narrow space for the 
exposure of a thin layer of blood to the surrounding water, except 
in the centre, where the laige shaft is a blood reservoir. In a 
surface view of the ^ which has been made transparent by im- 
mersion in turpentine (Fig. 2), this central shaft may be seen, 
though somowhat obscurely, through the other tissues. 

In Fissurella ap. mdet., of whichihavehad but a single specimen 
for study, the gill is a paired organ consisting of a right and left 
body. Each is triangular in cross section, $ree fi^m the eui> 
rounding tissues except at its origin, and tapering towards 
its fr«e end, as shown in plan in Fig. 6. Along the apex 
of the iriangle there runs a vessel carrying blood to the 
heart; opposite it upon the base of the triangle there runs 
a second vessel which carries blood frt>m the heart into the gill. 
Between these two vessels there runs a string of tissue which 
separates the gill into two similar halves. Along this central 
string at right angles to it are placed the separate gill plates. 
Each plate (Fig. 6) presents the following parts: an apical 
portion a whore the gill in its proximal portion is attached to the 
mantle; immediately under this the excnrrent vessel («. an.). 
Upon either side of the excnrrent vessel there is a section of the 
supporting firework (r./.) of the gill flaps, which is strongly 
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thickened elong the outer mai^in of each flap («*) and forms a 
thick U as it passes over upon the next gill flap. Running down 
the middle of the triangular plate is the central string of tissue 
the rachis, and at its end the incnrrent bloodvessel (v. tn.) A 
long series of such plates as this with the epithelium continuous 
form the gill of Fissurella. There is no union or fusion of the 
plates except at their bases where each one passes directly over 
into its successor. In Fig. 7 1 have represented a section along 
the gill cutting through the excurrent vessel and the gill flaps ; 
here may be seen the lai^ central blood-space and its prolonga- 
tion upon either side into the gill plates. A portion of one of 
these plates is shown more enlarged in Fig. 8. It consists of 
cuboid epithelium upon a heavy basement membrane which is 
' strongly thickened at the outer margin (r) of the plate. The 
epithelium is strongly ciliated. Such epithelium as this is found 
generally in this situation ; it will be shown further on that in 
their histology the greatest likeness prevails among all the gas- 
tropods studied. 

It is a matter of great regret that I have not been able to get 
gills of a large number of Rhipidoglossa for study before proceed- 
ing to a study of the gill in the higher prosobranchs, but none 
were at hand, and their study must be left for some future 
occadon, when it is hoped to extend this study more widely than 
has as yet been possible. It would be especially interesting to 
see what has resulted from the degeneration of one gill in the 
scutibranchs, becajise the gill in all the higher forms of proso- 
branchs is very unlike that of Fissurella. 

In Fulgur carica the gill forms a ridge running lengthwise in 
the roof of the mantle cavity upon the left side of the middle lino. 
On its left side lies the so-called accessory gill, an organ shown 
by Spengel ' to be an olfactory organ, and to function in testing 
the water given the gill for aeration of the blood. This gill is 
innervated from the right side of the body, and is the right gill, as 
is clearly shown in Spengel’s paper ; its position being accounted 
fl>r by the spiral twist which has taken place in the portions of 
the body behind the cejflialic r^on and above the foot 
It is not fh>m the b^y even in the part farthest from 

the heart, but is united along its whole extent dorsally with 

’IMe Gemohsoigui der MoUusken, Zeitsdir. t w. ZooL Y<d. 89. 
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the roof of the mantle cavity. It is composed of .a series of 
triangular plates (Fig. 10), placed parallel to one another and ver- 
. tical to the long axis of &e gill. These plates wre free finm one 
another except in the roof of the mantle cavity, and they are 
united along their whole length to the roof of the mantle cavity. 
They are at first low, but grow higher till they present distinctly a 
deep fiap hanging down into tho cavity of the mantle. At its 
proximtd end the gill is represented in Fig. 11. Here is a 
surface view of the fiap, while a is the ridge njfon the body wall 
upon which it abuts. Running along the base of the gill in this 
part is a large blood-space. It is the excurrent vein and bears 
the blood from the gill to the heart. There is no definite incur- 
rent vein, but the blood penetrates tlie lacunar tissues of the body 
with readiness, and passing among the spaces in the gill fiaps is 
finally drawn off into the heart through the excurrent vein. 

Transverse section through a series of gill plates is shown in 
Fig. 13. It is here seen that the gills are merely diverticula of the 
inner wall of the mantle ; large folds in the basement membrane 
carrying with them the epithelium of the body wall and pre- 
senting this peculiarly modified for osmositic functions, and with 
differentiation in the basement membrane to make it a proper 
support for the epithelium. Each plate then presents three im- 
portant parts, viz. central cavity, basement membrane and super- 
ficial epithelium. The central cavity (y. oov.) continuous with 
the body cavity is filled with blood, here and there outgrowths 
pass across this cavity to the wall opposite anc^form a stay to bind 
the two sides of the plate more firmly together. On either side 
of the gill cavity is the basement membrane, and this in most of tho 
gill pistes is very thin and delicate, but along the outer margin 
of the gill (r) it is very greatly thickened and forms a stiff rod 
of chitin to give additional strength at this outer portion. The 
epithelium upon the gill plates (Figs. 14, 14a) is of two sorts. 
Upon the outer free border it is composed of high columnar cdls 
wWh stand compactly ; upon the inner portion these columnar ' 
cells are replaced by cells much lower and placed very loosely. 
It seems probable that these inner cells ore eqtecially adapted to 
fiusilitate a rapid interchange of gases ; and the outer cells, while 
respiratory, are better adapted to stand the rougher usage to 
which their exposed position would sntgect them. Th^ cells • 
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are entirely unlike thoee upon the remaining portion of the man^e 
(Fig. 12) ; those on the outside wall are lower and more cuboidal, 
while the inner mantle wall is thrown into wavy lines of basement 
membrane, forming pockets which are lined with large mucous 
cells and presenting a characteristically glandular appearance. 
All the epithelium ^lls of the gill are very strongly ciliated, 
though the cilia of adjacent cells are often entangled and tom 
away, so that a bald, apparently non-ciliated coll results. These 
plates are further always entirely independent of one another, 
never united by those ciliated junctions and concrescences of tissue 
so common in the gill of the lamellibranch, binding the plates of 
the gill there into a compact organ. 

The gill of Fnlgur is quite similar to that which prevails 
among the higher Prosobranchs, the Ctenobranchia of Claus’s 
classification.' The above description would apply perfectly to 
Fnsus, Littorina, Nassa and Lunatia, all of which 1 have studied. 

In SigaretUB y>. indet., we have a close ally of Lunatia, whose gill 
is almost precisely like that of Fulgnr ; but in Sigaretus the gill 
is considerably modified. It occupies as in Fulgnr the left side 
of the mantle-cavity, has the same nerve supply ; and at its base 
runs the excnrrent bloodvessel. But the individual plates have 
a different shape. They are of high triangular outline, and stand 
with the narrow base upon the mantle' as shown in Fig. 16. A 
surface view of one plate shows an outer border traversed by a 
supporting rod, and distinct ribs upon the outer part of the 
plate; a distinct central line beyond which, upon the inner portion 
of the plate, the transversely ribbed appearance continues, but 
with ribs mndi farther apart. This appearance of ribs in the 
gill plate is due to two causes; in the outer portion tlie basement 
membrane is very strongly corrugated as shown in Figs. 16, 16a. 
The outline of the outer portion of the epithelium is not affected 
by this condition of the basement membrane, but remains smooth 
and regular. The corragation further takes place in one directioh 
only, the ridges lying transversely to the plate. Upon the inneiT 
portion of the gill plate the basement membrane is not corni- 
gated, but the whole plate is thrown into a long series of trahi- 
verse folds, as shown in section in Fig. 18, and this folding takte 

* Gtonda. der Zod., 'Vierte Aoflage, n, pt 48. 
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place in both tiie baBemeat membrane and the gill epithelium 
carried thereon. The baaement membrane is strengthened to' 
form the supporting rod along the outer border. One may 
further discover in surface view (F^. 155) circular spots, like the 
appearance in longitudinal sections of coniferous wood, lighter 
t^n the membrane generally, and these seem to be eitlier thin 
places or openings, probably the former, to facilitate osmotio 
tnmsfers. 

An examination of the epithelium of the two portions of the 
gill shows the same difference to exist here as noted in the gill of 
Fulgnr. ' Upon the outer portion (Fig. 17), the epithelium forms 
a compact, closely built wall (this section being transverse to the 
gill plate does not show the corrugation as does Fig. 16, a 
longitudinal section). The epithelium on the inner portion of 
the gill (Fig. 19) is composed of large loose cells of no very definite 
outline. They seem, if ciliated at all, to be very feebly so. I found 
no cells in any of my sections which 1 could positively afiSrm to 
be ciliated, though in many cases the appearances indicate the 
presence of small cilia. 

In Orepidulafomicata (Fig. 20) the mantle cavity is broad and 
shallow, and the gill is composed of a series of fine threads which 
stretch across it from the left side toward the right. The filament 
arising from a ridge at the extreme left of the mantle cavity is 
united with the mantle during the first part of its course, but 
farther on it is freo and stretches far out, like a finger (Fig 22). Each 
filament is composed of the basement membrane, bearing ciliated 
cells (Fig. 26), and with the basement membrane thickened strongly 
in the free portion to form a strong support upon which to sus- 
pend the delicate epithelium cells. At their bases (Fig. 27), the gill 
rods merely meet one another. They do not fuse, one passing di- 
rectly over into the next, as they do in forms hitherto described 
(Fig. 15 a). The proximal portion of these filaments (Fig. 28) 
presents much the same condition as the ordinary forms of gilL 
The long filamentaiy outer part of the gill is represented in 
section in Fig. 25. At the proximal end, after the supporting 
rod has disappeared, the plates are fused at their outer ends (Fig. 
24), and not in the centre, as though the space between each pair 
of gill plates ran into the body wall and there ended blindly. 
The cilia upon the gill filament-epithelium are every where strong 
and robust, though not represent m the drawings. 



GILL OF PR080BRANOEIATE UOLLUSCA. 4& 


While these two forms of the otenobrsneh gill, Orepidttla and 
Sigaretns, are unlike Fulgur’s gill, the diveigence is plainly only 
a snperficial one, and in Orepidnla at least is very readily 
explained as an adaptation. Crepidnla creeping orer other shells 
has found that its very flattened body offers least resistance to 
forces tending to tear it away, and has acquired flatter and flatter 
shape. To permit this the mantle cavity has been broadened and 
flattened till there is but a very narrow space left for the accom- 
modation of the gills, and the high plates have been modifled into 
low and long three threads which offer a large surface hut 
stow away better than the ordinary ctenohranch gill. 

We may sum up the facts thus far stated in regard to proso- 
branch gills as foUows : In Chiton and in Fissurella the gills are 
leafy blades attached to a rachis and joined to the body only for 
a short distance, the base of this rachis; in the prosobranchs 
generally the gill consists of independent plates, each one 
attached to the roof of the mantle cavity, and not placed upon a 
stalk and home free from the mantle wall. The few forms 
which are divergent from this plan of structure are readily seen 
to be only secondarily different from it. Paucity of material has 
prevented the investigation of all the forms of Prosobranch gills, 
and this is very unfortunate, because there are among them some 
very divergent ones. Struthiolaria has a fllamentary gill 
(Cuvier). Valvata is described and figured by Bronn with a 
gill superficially resembling Fissurella, a central stalk with gill 
plates borne free from the body of the animal, except at its proxi- 
mal portion. 

In the article Mollusca, in the last edition of Encyclopsedia 
Britannica, Professor £. B. Lankester states his belief that the 
primitive gill of the Mollusca was a etenidmm, a stalk with 
plates very much like the gill of Chiton and Fissurella, 
and that the gills of all Mollusks are not homologous organs, 
but that some are independent structures, which have w 
quired a branchial function. He would thus consider the 
dorsal and anal gills of nudibranehs not ctenidia but secondary 
gills, while the gills of .the cepbalopods would not disagree wilii 
his view of them as etmidia. The view, that the prosobrajxbb 
gill is derived from some primitive form like Chiton gill, ift pro- 
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posed Spengel,' who thinks that gradxud coalescenee of the 
free distal portion with the mantle wall has given rise to the 
present form predominating among the prosobrandis. 

Are we to accept this view of Lankestor and to consider the 
gill as we find it in most otenobranohs derived from a etenidivm 
modification, or shall we regard the common form of cteno- 
branch gill as the most primitive f The embryonic history of the 
ctonobranch gill is the same thronghont. It arises as a series of 
folds in the wall of the mantle or independent leaves or pouches 
in Grepidnla. In this latter case the ponches extend across the 
mantle cavity roof like fingers of a hand {vid. Fig. 29). In 
Eurosalpinx and other forme the gills are plates which grow 
broader and longer, and are eventually strengthened with support- 
ing tissue. A trausverse section across the animal (Fig. 81) shows 
these plates to be foldings in the inner wall of the mantle, and 
the later growth in the structure of the gill is merely a stiffen- 
ing and strengthening of the basement membrane, upon which 
the epithelium is placed. 

We do not see any resemblance in this embryonic history to 
the ctenidinm of Lankester’s Frotomollusk. 

The researches of Feck and Mitsnkuri have rendered it toler- 
ably clear that the highly complicated lamellibranch gill owes its 
complexity to secondary causes, the sessile habit of the animal 
throwing upon the gills sundry functions besides those of the gill 
proper, and it seems quite certain that in these forms the gill is 
to be considered as primitively “ a simple ridge on the side of the 
body,* with folds on two sides of it.” 

It is this in the young Mytilus which I have observed, where 
tile gills, a series of folds of the mantle, look almost precisely 
as in the young of many prosobranchs. 

The opinion is growing among zoologists that the Lamelli- 
brancbs are not to be considered as a group preceding the gas- 
tropoda in the phylogeny, but that they are forms derived from 
eephalophorons ancestors, perhaps gastropods or their immediate 
progenitors, and that the loss of head and lingual ribbon is 

' 'JMs Qenushsatgan nnd das Nervensystem der UoUodten. Zaitaohr. .il. w. 
Zad. VoL86,i».865. 

’Uitsokori. Biol. Studies, Johns Hopk. TTnlv., Vid. n. p. 808. . 
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dae to degradation rather' than indicating a greater eimplioity of 
strnctnre. 

Now this common form of ctenobranch gill is precisely 
similar to the form of lamelUbranch gill considered most primi- 
tive. Bat whereas the lamellibranch by its adaptation to con- 
ditions nnnatnral for its ancestors hu now a widely divergent 
' gill, the ctenobranch gastropod, still retaining the ancient habits 
qnite perfectly, has retained its gill with bat, for tiie most part, 
little change. 

In view of these considerations it does not seem to me safe to 
adopt the view of Lankester that the etenidium is the primitive 
form of mollnscan gill. To be sure it is the form most lik^ the 
gill of Ohiton, apparently a very primitive mollnsk, and is foond 
in Fissnrella and its close allies. It is not qnite safe to prononnoe 
against this from the stndy of a few of the ctenobranchs and to 
assert that the present ctenobranch gill, is bat slightly modified 
from the ancestral type, bat the known facts respecting the cteno- 
branch gill certainly do not readily harmonize with its derivation 
from a cUnidimn. The extreme antiqoily of the .gronp wonld 
famish time for all traces of the intermediate steps to have been 
obliterated, and hence it might be nrged on the other hand that 
the etmidmm,vrlcAQ not characteristic of the higher prosobranchs, . 
is lost in them, bat retained in the Bhipidoglossa as well as in 
the whole gronp of cephalopods. It wonld only be possible to 
definitely settle this qnestion by a more complete knowledge of 
the mollascan gill than is at present possessed. 

We may briefiy sommarize the resolts of the forcing 
studies as follows : The gill of Ohiton and Fissurella is closely 
like the eteniditm, which Bankester considers the primitive ^rpe 
of mollnscan gill. In ctenobranchs, almost nniversally, the gill 
is not a oteniditm, bnt a very mach simpler organ. ' Its form 
compares dosely with the gill which we have come to r^ard as 
the primitive lamellibranch gill. Incomplete stndy of cteno- 
branchs and ignorance of the history of the development of the 
otenidia in (fiiiton and Fissurella prevent more than aconjeotnial 
conclusion. It does not seem, however, safe to accept the condn- 
sions of Bpengd and Lankester that the ctenobranch giU is 
derived from a feather-form gill like that of Fissnrella tito 
frision of one side with the body wall. 
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LIST OF FIGUEES. 

CHITON. 

■ Plate IY. — ^Figube 1, a, i, e, series of sections along the pallial 
groove, showing the relations between the blood-space and the gill 
plates. 

Fioxtbe 2. — One gill, surface view. 

■ Figube 3.— ^Longitudinal section, one side of the centre magni*. 
fled 235 diam. 

Figube '4. — Longitudinal section through centra X 176 diam. 

FISSUBELLA. 

Figube 6. — Plan of the gill. 

Figube 6. — Surface view of a single plate. 

Figube 7. — Longitudinal section transverse to the plates and 
passing through the excurrent vein. 

Figube 8 .— Enlarged view «f the outer portion of a single plate. 

FUSUS. 

Figube 9. — ^Animal (after Bronn) with mantle cavity laid open, 
showing position of gill and olfactory organ. 

FULGUB OABIOA. 

Figube 10. — Plan of gill plate, showing outer mantle wall with 
the independent plates hanging from it 

Plate V. — ^Figube 11. Sur&ce vein of the proximal portion 
of single gill plate, X 20. 

Figube 12. — Glandular epithelium of the mantle beyond the 
gill, X 175 diam. 

Figube 13. — ^Transverse section of several successive plates, X 175 
diam. 

HEVEBITA DUFLIOATA. 

Figubes 14 and 14 a . — ^Epithelium outer and inner portions of gill 
plat^ X 218 dianqf. 

SIGABETUS. 

Figube 16. — Surface view of a single plate. ^ a,» - 

Figube 15g. — S ection along the ribbed basemepi ^^amhrane 
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Fiourb 15i. — Surface view of small portion of the basement mem- 
brane, with the epithelium removed, showing circular pits. 

FiauBE 16. — Longitudinal section of a single plate, X 60 diam, 

Fioubb 17. — ^Transverse section of a single plate, outer portion, 
X 318 diam. 

Fiqttbb 18. — Longitudinal section of the inner portion, X 318 
diam. 

Figttbb 19. — Epithelium from the inner portion, X 176 diam. 

OBEPIDULA BOBB'IOATA. 

Plate VI. — FiauBE'20. Animal shell removed ; seen from dorsal 
surface, X 3. 

Figubb 21. — Portion of the roof of the mantle cavity, cut out 
along dotted line of Fig. 20 ; showing the gill filaments. 

Figttbb 22. — Gill filaments enlarged, X 13. 

Figttbb 23 . — Transverse section of gill, inner attached portion, 
X 80. 

Figure 24. — Transverse section of* gill, proximal portion, X 80. 

Figure 26. — Transverse section of gill, free outer portion, X 80. 

Figure 26. — Transverse section of a single filament, X 176. 

Figure 27. — Horizontal section at the base of gill. 

Figure 28 .— Plan of gill. 

Figttbb 29. — Young Gcepidula. 

Figure 30. — ^Young Enrosalpinx (?) 

Figure 31. — Section of young Eurosalpinx in line od. 

ABBREVIATION’S. 

a. Attachment of gill to mantle. 

V. ex. Excurrent vein. 

^ , in. Incurrent vein. 

r. b. Ghitinons rod at basal part. 

r. Ghitinons rod in gill plate. 

PL Gill plate. 

Nv. Gill nerve. 

ol. Olfactory organ — ** acceasory gill.” 

w. b. Body wall next to shell. 

w.r. Body wall toward mantle cavity. 
b. cav. Body cavity. 
g . eav. GBl o^ty. 

On!ersur&ce of mantle. « 
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Col, m. Gollnmellar muscle. 

sh. Shell decalcified, and appearing as a membrane about the 
young. 

ec. Outer body wall. 

Per. Pericardium. 

Ph. Pharynx. 
m, cav. Mantle cavity. 

/. Foot. 



NOTES ON THE COMPOSITION OP THE BLOOD 
AND LYMPH OP THE SLIDER TERRAPIN 

(^Pseudemys rugosa). By WM. H. HOWELL, Ph.D., Fellow 
of the Johns Hopkins University. , 

Tlus investigation of the blood and lymph of the terrapin was 
suggested by a paper of Tiegel’s on snake’s blood (1). According to 
Tiegel, blood taken from the aorta of a snake {ElapMs and Trojpi- 
donoius) does not usually coagulate in less than 3} hours, and 
sometimes not even after 2^ hours j while blood from the inferior 
vena cava above the liver coagulates within fifteen minutes. If 
the inferior vena cava is ligated, and the venous blood taken 
from the sinus venosus, it does not coagulate any more quickly 
than that from the aorta. lie concludes, therefore, that the 
rapid coagulation of the inferior cava blood is owing to some- 
thing that it receives from the liver. These facts, if correct, 
seemed to demand a more thorough investigation, and snakes not 
being obtainable during the winter months, a number of experi- 
ments were made upon terrapins {Pseudemy^ rugosa) to deter- 
mine whether the blood of this animal shows the same licculiari- 
ties. The results of these experiments show that such is not the 
case. 

Terrapin’s blood, taken from the left aorta or the pulmonary 
IWJStcry by means of a cannula, and received into carefully 
cleaned watch-crystals, requires usually from one to four hours 
for complete coagulation ; that is, the formation of such a firm 
clot that the crystal can be inverted without losing any of the 
blood. In some cases the arterial blood coagulated in less than 
an hour ; in other cases, when the corpuscles had settled more 
quickly than usual, the supernatant plasma remained perfectly 
fiuid, if not disturbed, even after twenty-four hours. 

Blood taken from the inferior cava or the hepatic vein by 
means of a cannula was found, at first, to clot in from ten to 
thirty minutes, but it was discovered afterwards that this was 
caused by an admixture of lymph, which in this region is very 
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abundant; In collecting blood from the inferior cava by means 
of a cannula it was necessary to make the cannula as short as 
possible, on account of the extremely slow flow, and unless 
special precautions were taken some of the lymph or pericardial 
liquid was likely to get mixed with the blood. When the venous 
blood was obtained by ligating the vein, cutting a small hole in 
its walls and then removing the blood by means of a pipette 
introduced directly into the vein, this difierence in the time 
necessary for coagulation was not observed. Blood taken from 
the aorta, inferior cava, hepatic vein and superior cava showed no 
constant diflerence in the time of coagulation. Sometimes the 
venous blood coagulated flrst, sometimes the aortic blood. As a 
rule the venous blood coagulated more quickly, but the difierence 
in time was never very great. 

As stated above, it was tbund that the blood, whether arterial 
or venous, when mixed with an equal bulk of pericardial or 
pleuro-peritoneal liquid, coagulated rapidly, requiring only from 
ten to twenty minutes. Quite small quantities of these liquids 
have a marked influence in hastening coagulation. This action 
is doubtless dependent on their abundant water breaking up the 
white corpuscles and setting free the fibrin ferment. Distilled 
water, was found to have an exactly similar efiect; indeed, coag- 
ulation was usually more rapid with it than with the animal’s 
lymph, since the strong alkaline reaction of the latter is unfavor- 
able to the formation of fibrin. 

I have not had an opportunity of making* any experiments 
upon snakes, and cannot say whether the more rapid coagulation 
of the venous blood in them is also caused by an admixture o£i 
lymph, though 1 think it probable that this is the true explan- 
ation of Tirol’s observations. 

I . — The Composition of the Blood of the Terrapin. 

The time necessaiy for the coagulation of terrapin’s blood 
varies greatly in difierent individuals. In some oases, the blood, 
when kept in shallow layers in wide dish^ coagulates completely 
within an hour ; at other times coagulation is very much slower. 
In some specimens of blood the corpuscles settle quickly to the 
bottom and form an imperfect clot, while the clear supernatant 
plasma may remain uncoagulated for twenty-four hours or longer. 
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If it is desired to get semra, this settling of the corpuscles mnst be 
prevented by gently agitating the blood frond time to time'; the 
clot formed from the corpnscle-free plasma presses ont but little 
serum. 

The quantity of blood which can be obtained irom a single 
terrapin of medium size varies from 50 cc. to 125 cc, ; that is, 
tbr animals obtained during their winter fast, as was the case 
with most of those used in my experiments. The blood possesses 
a decided alkaline reaction when first drawn. When it is allowed 
to clot in shallow vessels, and the clot formed is gently separated 
from the walls of the vessel, ityieldsalaige quantity of clear serum, 
with a strong alkaline reaction. The alkaline reaction is so strong 
that in some cases the serum, when poured into a quantity of boih 
ing water, gave only a faint opalescence and no precipitate. 

A number of analyses were made to determine the quanti- 
ties of paraglobnlin and serum-albumen contained in the serum. 
The method of analysis was to determine first the total proteids 
in 5 cc. of serum, and then the paraglobulin in an equal quantity 
of the same serum, the difierunco between the two giving the 
serum-albumen. 

To find the total proteids, 5 cc. of serum were dropped into 
50 cc. of boiling water, and dilute acetic acid, 1 per cent, carefully 
added until the precipitate settled fmm a perfectly clear liquid. 
The precipitate after cooling was collected on a filter previ- 
ously heated to constant weight at 110° C., washed thoroughly 
with water -and* boiling alcohol, and then heated to constant 
weight at 110® C. 

For the paraglobulin Hammarsten’s method of saturation with 
MgSO^ was used. 5 cc. of the serum were mixed with 25 cc. of 
a saturated solution of Mgt) 04 , and then finely powdered 
Mgb 04 added until complete saturation was effected. The solu- 
tion was allowed to stand for twenty- four hours, filtered through 
• wd^hcid filter, and the precipitate thoroughly washed with 
a saturated solution of Mgc ><;4 until the filtrate no longer 
gave an opalescence on boiling. The filter and precipitate were 
heated to llU® 0. for several hours, washed with boiling water 
until the MgS 04 w^s completely removed, then with boiling 
alcohol, and finally heated to llu® G. until the weight becune 
constant. 
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Tbo following reenltB were obtained foom animals in a fasting 
condition, tbe stomach and intestines being completely empty. 
19ie analyses were made usually with 5 cc. of serum, but Ibe n nm- 
bers are given for 100 cc. 

No.L 

Total proteids= 5.701 grms. 

Paraglobulin =4.697 “ 

Bemm-albumen = 1.004 or 17.6 per cent, of the total 
proteids. 

No. II. 

Total proteids =5.379 grms. 

Paraglobulin = 4.777 “ 

Serum-albumen = 0.602 or 11.1 per cent, of the total 
proteids. 

No. III. 

Total proteids = 5.082 grms. 

Paraglobulin =4.510 “ 

Serum-albumen = 0.572 ** or 11.2 per cent, of the total 

proteids. 

No. lY. Analysis of the corpuscle-free plasma. 

Total proteids = 3.938 grms. 

Paraglobulin -|- fibrinogen = 8.174 “ * 

Fibrin = .3745 « 

Serum-albumen = .764 or 19.4 per cent, of the 

total protmds. 

The most striking result of these analyses is the small amount 
of serum-albumen present in the blood. Since the terrapins had 
been without food for a long time, and the stomach and intestines 
were completely empty, it was thought that perhaps this was the 
cause of the small percentage of serum-albumen. Tiegel states 
that in the blood of starved snakes, after diluting the plasma with 
water and precipitating the paraglobulin by 00^ he could detect 
no serum-albumen by boiling the liquid ; while in. the blood of 
foose snakes whose stomachs were found filled with food, scram- 
albnmen was present. There seems to be some emtf about his first 
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stetement, unce in the' blood of other animals the paraglobnlin 
ia not completely precipitated by CO„ and the filtrate from his 
precipitate shonld have given a clondiness at least, npon boiling, 
due to the paraglobnlin still in solution, even if no semm-albn* 
men was present. 

Burckhardt (2), from experiments made upon dogs which had 
been starved for five or six days, found that while the proportion ' 
of paraglobnlin increased (the increase varying from 22.8 per 
cent to 66.4 per cent of the quantity present before starvation), - 
the proportion of serum-albumen suffered a marked diminution, 
varying from 5.8 per cent, to 21.66 per cent, of the quantity 
present before starvation. On the other hand Salvioli (8), from 
experiments also made npon dogs, found that there is no actual 
difference in the relative amounts of globulin and albumen pre- 
sent in the blood during starvation and a well-fed condition. 

The difference in the results of these two investigators appears 
to be dependent upon the method used for the determination of 
paraglobnlin. Salvioli made use of Uamniarsten’s method of pre- 
(Hpitating the globulins by complete saturation with ]ifgS04. 
Burckhardt used the older method of Schmidt, precipitating 
the globulins by dialysis. He states that Hammarsten’s method is 
not reliable, and that the larger portion of the MgS04 precipitate 
resembles the globulins only in its precipitation by MgS04, while 
in its other reactions it acts like an albumen. He gives, however, 
no satisfactory proof of these statements. 

Hamiliarsten’s method, as far as our present knowledge of the 
proteids of blood-scrum goes, is certainly the most reliable that 
has been offered. He has given many proofs himself (4) that by 
it none of the serum-albumen is precipitated along with the para- 
globnlin, the strongest of which, perhaps, is that in a concen- 
trated solution containing as much as 11.8 per cent, of serum- 
albumen, no precipitate at all is produced by MgS04 added to 
saturation. Fredericq (6) has given independent proof of the 
correctness of the method, in that he has found that the substance 
precipitated by MgS04 has a rotation of — 17.8’’, while that left 
in solution has a rotation of — 57.8°. 

I have made several experiments npon terrapins in a state of 
digestion to determine wWher the quantity of serum-albummi 
differs from that in the fasting condition, using Hammanteh*s 
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method for estimating the paraglobulin. In two cases the animal 
was fed artificially with sonp and pieces of fish ; in one of these 
the food was completely digested after ten days, and the stomach 
glands examined under the microscope were found in full digest- 
ing condition. In another case a terrapin which was received in 
early spring, after it had recovered from its winter sleep and had 
begun to feed, when killed had its stomach filled with food in a 
state of good digestion. The serum of these last two terrapins 
when analysed by the method given above yielded the following 
resnlts. The numbers are given tor 100 cc. of serum. 

No. V. Terrapin fed artificially. 

Total proteids = 4.1 13 grms. 

Paraglobulin =3.693 « * 

Serum-albumen = 0.420 “ or 10.21 per cent, of the total 

proteids. 

No. VI. Terrapin found with full stomach when killed. 

Total proteids = 4.002 grms. 

Paraglobulin =3.181 “ 

Serum-albumen = .821 or 20.51 per cent, of the total 
proteids. '' 

The two analyses certainly do not give resnlts which agree 
well with each other, but the comparatively large amount of 
serum-albumen found in the last analysis is only 3 per cent, 
greater than that found in analysis I. of the serum of a 
fasting terrapin. So that, the evidence goes to show that 
feeding increases but slightly, if at all, the quantity of serum- 
albnmen present ; and in either case the quantity of serum- 
albumen in the blood, compared with that of most other animals 
whose blood has been chemically examined, is unusnally small. 

II. — Pr<^pertie9 of ihe ParagUMiin. 

By paraglobulin is meant all of the proteid precipitated ftom 
serum by complete saturation with MgSO^. The behavior of 
this precipitate when dissolved and heated indicates that it is 
probably composed of more than one globulin. It contains, at 
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least, one globulin not hitherto described, as will be shown later, 
formed from the fibrinogen daring coagulation. 

Judging from one experiment, Analysis IV, the quantity of 
paraglobulin present in the plasma is markedly less than that 
in- the serum, as we should expect if paraglobulin forms one of 
the products of the breaking up of the white corpuscles. In that 
analysis, .3745 grm. of fibrin was found for 100 cc. of plasma } 
supposing that this represents 80 per cent, of the original fibrin- 
ogen, which is a liberal estimate, .4681 grm. of fibrinogen was 
present in 100 cc. of the plasma, leaving 2.7 grms. of para- 
globulin, which equals 68.77 per cent, of the total proteids ; 
while the analyses of serum show- that in it the paraglobulin 
forms from 80 per cent, to 90 per cent, of the total proteids. 
When the serum is strongly dilated, and CO, is passed through 
the liquid, or a few drops of dilate acetic acid are added, a preci- 
pitate of paraglobulin is obtained as in the serum of other animals. 
This precipitate, however, when compared with that obtained 
from the same serum by saturation with MgSO^, is much less in 
quantity. 

Dialysis also causes a large precipitate. Two analyses of the 
paraglobulin were attempted by this method, to see how the 
results compared with those obtained by the MgS 04 method. 
10 cc. of serum were taken in each case and dialysed for .48 
hours ; the outer vessel contained three litres of distilled water, 
which was frequently renewed. After the completion of the 
dialysis ' the precipitate was washed from the parchment 
paper, diluted to 150 cc. with distilled water, and allowed to 
stand in the cold until the precipitate had settled to the bottom. 
The precipitate was then filtered (the filtrate gave no precipi- 
tate at all with CO,) and washed in the usual way with water 
and alcohol. In washing the precipitate the liquid came through 
somewhat opalescent, so that some of the paraglobulin was lost 
by the process. The analyses, however, though on this account 
not perfectly correct, show, nevertheless, the incompleteness of 
this method when compared with the MgSO, method. 

The following results were obtained for 100 cc. of serum : 

Serum No. I, 0.8705 grm. of paraglobulin. 

' Serum No. 11, 1.285 grm. of paraglobulin. 
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Oomplete satiiration of the soram with KaCl throws down 
a very small precipitate, less than 00| or acetic acid, though no 
analyses were made to determine the exact amounts. Fresh 
alkaline serum when heated or thrown into boiling water 
gives often only a more or less strongly marked opalescence ; 
in other cases, especially if the scrum has been kept for some 
time, a strong precipitate is produced. 

Many specimens of serum were neutralized or made feebly 
acid with acetic acid, and then heated in a test tube immersed 
in a double water-bath made from two beakers. Usually the 
serum became opalescent between 60° and 65° C., and between 
65° and 68° C. gave a very strong precipitate. The precipitate 
sometimes formed at a lower temperature, depending apparently 
on the degree of acidity. The filtrate from the precipitate gave 
in most cases another, small precipitate or cloudiness at 75° 0., 
and the filtrate from this, when heated above 80° C. or boiled, 
gave a third slight opalescence or precipitate. 

When the precipitate obtained from dilute serum by CO„ or 
acetic acid, was dissolved in dilate NaOl solution and heated in 
the same way, an opalescence began to appear at 68°-70° 0.; but 
a distinct precipitate first formed above 70° C., usually at 75° G. 

A somewhat different result was obtained with the MgSO^ 
precipitate. If this was freed from semm-albumen by repeated 
precipitations, or by washing with a saturated solution of MgS 04 , 
then pressed, dissolved in water and heated, evidence was given 
in most cases of the presence of two globulins. The first and by 
far the more abundant coagulated at temperatures varying from 
68° to 73° C. ; the filtrate from this precipitate gave a second 
small precipitate or opalescence between 75° and 80°. 0. This 
latter body, I think, is the globulin formed from fibrinogen 
daring coagulation, since it coagulates at the same temperature. 

The general result of the experiments shows that the coagu- 
lation temperaturp of paraglobulin lies between* 68° and 75° 0., 
Or in most cases between 70° and 75° 0, The temperature at 
which a precipitate is formed depends veiymuoh on the rapidity 
with whicli the liquid is heated. If heated very slowly or kept 
at a comparatively low temperature for some time, a precipitate 
may often be obtained which in more rapid heating would first 
appear at a temperature several degrees higher. 
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III. — Prqpar^tM qf tAa Barum-AlSumen. 

■ In order to determine the coagulating temperature of the serum* 
albumen, serum was completely saturated with MgSO^, and, after 
standing 24 to 48 hours, filtered from the precipitate of paraglo- 
hulin ; the filtrate was dialysed to get rid of the MgSO^. The 
solution became highly diluted by this process, and attempts to 
concentrate it by evaporation at a low temperature were not suc- 
cessful. Exposure for several hours to a temperature of 45°-50*’ 0. 
caused a partial precipitation, a fact observed also by Heynsius ( 6 ) 
for the albumen of mammalian serum. When the dialysed 
liquid, containing still a small percentage of salts, was slowly 
heated in the apparatus described, a more or less marked cloudi- 
ness appeared at about SO** C. This cloudiness sometimes b^an 
to be visible as low as 77°-78° G., and in several cases a distinct 
precipitate formed between 80“ and 86 “ 0 . 

The albumen of mammalian blood is said to coagulate at about 
70“ C., or between 70“ and 75“ 0 ., at a temperature, therefore, 
somewhat lower than paraglobulin ; the albumen of the terrapin’s 
blood appears to differ in this respect, but the difference may 
depend upon the method of preparation, since Schmidt and 
Aronstein found that if the dialysis of the serum-albumen is 
carried far enough a solution is obtained whieh does not coagulate 
at all on boiling. This statement, however, has been denied by 
Heynsius and others, and cannot be accepted as an explanation 
of the high coagulating temperature of the albumen solutions 
obtained by me, since my dialyses were never made complete, a 
small percentage of MgS 04 being allowed to remain in the so- 
lution. 

IV . — Properties of the Fibrinogen. 

The fibrinogen of terrapin’s blood, when isolated by Hammars- 
ten’a method (see following article), differs markedly from the 
fibrinogen of mdmmalisn blood as described by Hammarsten, in 
that it is completely precipitated by heating to 66“-60“ 0 . The 
precipitate obtained at tMs temperature usually appeared as a 
fine opalescence, but when filtered the filtrate came through 
dear and gave no further precipitate or opalesceuce when boiled, 
and no proteid reaction when tested with HNO, and NH 4 OH. In 
some cases, however, the filtrate did give a very faint opalescence 
on boiling, so slight that it could be disregard^. 



68 


WM. H. HOWELL. 


It wonld appear from tbia that Fredericq’a method of estimat- 
ing fibrinogen, viz., by heating the liquid containing it to 60° 0., 
vrould be perfectly reliable for the terrapin. When pare solu- 
tions of fibrinogen are used the method gives, of course, good 
results; but it is not applicable directly to the fibrinogen con- 
tained in plasma, since the alkaline reaction of the plasma pre- 
vents the complete precipitation of the fibrinogen at 60° C., and 
if the plasma is made neutral or feebly acid, some of the paraglo- 
bulin also may separate at this temperature. 

When a pure solution of fibrinogen is mixed with ferment (see 
succeeding article) the fibrinogen is not completely converted 
into fibrin. A quantitative estimation in one case gave the fol- 
lowing results. The solution of fibrinogen used was not very 
strong : 

Fibrinogen in 100 cc. of the solution = .088 grm. 

Fibrin from 100 cc. of the solution = .061 “ 

so that only 69 per cent, of the fibrinogen was changed into 
fibrin, a number which agrees with the determinations made by 
Hammarsten for the mammal. The whole of the fibrinogen, 
however, disappears in consequence of the action of the ferment ; 
that portion not changed to fibrin becomes converted into a new 
globulin, coagulating between 75° and 80° 0. The fibrinogen is 
completely precipitated from its .solutions by saturation with 
NaCl. 

No reliable method exists for determining the amount of fib- 
rinogen in plasma. The most trustworthy, perhaps, is to deter- 
mine the fibrin formed during coagulation, and from it to calcu- 
late the amount of fibrinogen present; but inasmuch as the 
percentage of fibrinogen converted into fibrin varies considerably, 
the results obtained by this method are only approximate. In 
Analysis IV the amount of fibrin formed was, reckoned for 100 cc. 
of . plasma, .3746 grm. ; considering this as 80 *per cent, of the 
total fibrinogen present, we get for 100 cc. .4681 grm. of fibrin- 
ogen, which equals 11.8 per cent, of the total proteids.- 

That the fibrinogen exists in the plasma and not in the cor- 
puscles is well shown by the observation recorded in the follow- 
ing article, in which a clear plasma was obtained which did not 
coagulate at all when left to itself, but gave a clot very readily 
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vhen mixed with a little clear sernm. The inability to clot by 
itself showing the absence of ferment, and that none of the white 
corpuscles, or at least no appreciable number of them, had 
broken down, so that the flbrin(^en present must have existed 
already in the blood-plasma. 

The clear plasma obtained by allowing the corpuscles of the 
blood to settle in the cold for a day or two, usually contained 
sufiScient ferment to cause it to clot in a short time when placed 
in a room at the ordinary temperature. When this plasma was 
filtered in the cold and then heated to 50‘’-52‘’ 0. for five minutes, 
its power of coagulating was completely destroyed. If the 
plasma was taken from the bottom layers containing a large 
number of white corpuscles and heated to the same temperature 
for five minutes, without previous filtration, coagulation, if it 
occurred at all, took place with extreme slowness ; nevertheless 
when diluted with an equal bulk of water a clot was formed in a 
few minutes — the explanation apparently being that the White 
corpuscles resisted the action of heat, and when broken down by 
the subsequent addition of water yielded sufficient ferment to 
bring about coagulation. The action of the heat was probably 
two-fold, changing both the ferment and the fibrinogen. While 
aqueous solutions of ferment, as is shown in the following paper, 
are not perceptibly afiected by heating to 50° C., for five min- 
utes, yet when heated in the alkaline serum or plasma the action 
of the ferment is either very much weakened or entirely destroyed. 
On the other hand ;t was found that a solution of pure fibrinogen, 
when heated to 50° C. for five minutes and then mixed with fer- 
ment, gave no clot ; while an aqueous solution of ferment heated 
to 50° 0. for the same time and mixed with pure fibrinogen 
gave a clot in a few minutes. 

Y.—The Plem'o-jperitoneal Liquid of the Te/rrapm. 

The terrapin has an unusually large number of lymph sacs 
scattered through its body and filled with a very clear watery 
lymph. The abdominal cavity contains a large quantity of this 
lymph-like liquid, though in a strict sense of the word the name 
lymph can scarcely be applied to it, since its composition, and 
probably its origin, differ from those of lymph as usually under- 
stood. This abdominal liquid, ifi which the viscera are bathed. 
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exists often in extremely lai^ quantities, sometimes exceeding 
the total quantity of blo^ Ip the animal’s body. In some terra* 
pins, however, under apparently the same conditions, very little 
of it was found. In the teirapins received at the beginning of 
winter, when hibernation had begun, and in those at tbe end of 
the season when the animals had again commenced to feed, the 
liquid was usually perfectly limpid, with some granular masses 
floating in it, which microscopic examination showed to consist 
of white corpuscles. These corpuscles exist in comparatively 
small numbers, and most probably do not properly belong to the 
liquid, but have wandered into it from neighboring bloodvessels. 
They can easily be filtered ofil In other cases, especially in teiv 
rapine received in mid-winter and kept for some time in a mod- 
erately warm room, the liquid was colored a more or less deep 
yellow, and in some cases, evidently pathological, was decidedly 
bloody. 

The normal plenro-peritoneal liquid possesses a marked alka- 
line reaction, owing probably to the presence of alkaline car^ 
bonates, since neutralization with acetic acid is accompanied with 
^ervcscence. In the great majority of cases it showed no trace 
whatever of coagulation, even when kept at 30° C. for many 
hours. In rare instances I have seen specimens of the clear 
liquid which gave a feeble clot. Those specimens which were 
bloody usually gave an imperfect clot. Qualitative analyses of the 
clear liquid showed that the proteid present is almost entirely para- 
globulin, with traces of serum-albumen and perhaps fibrinogen. 
To test whether any fibrinogen was present the liquids were 
neutralized with acetic acid and heated slowly to 60° 0. In 
some cases not the slightest opalescence occurred at this temper- 
ature, in other cases a more or less deep- opalescence made its 
appearance, specially if the liquid was kept at 60° for several 
minutes. This opalescence was caused* doubtless in the majority 
of cases by the paraglobulin, since this proteid in neutralized 
serum often gives an opalescence at 60° 0. In some few 
instances I have obtained evidence of the presence of fibrinogen, 
but, as a rule, if present at all it exists in very minute quantity. 
The addition of serum or an aqueous solution of ferment in a 
number of cases gave no clot, showing the absence of any appre- 
ciable quantity of fibrinogen. 
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'When the liquid was saturated withMg804 a considerahle pre- 
cipitate was always obtained. Aftei^tanding twenty-four hours 
the filtrate from this precipitate gave sometimes no cloudiness 
00 boiling, at other times a marked opalescence or precipitate, 
showing the presence of some semm-albnmen. Quantitatire 
analyses were made of two specimens of the clear filtered liquid, 
using the method described for blood-serum. The results were 
as follows: 

I. Total proteids in 5 cc. = .0091 grm. 

Paraglobulin in 5 cc. = .0102 “ ‘ 

II. Total proteids in 6 cc. = .0196 “ 

Paraglobnlin in 5 cc. = .0191 “ 

The clear liquids contain then praotically.no proteid except para- 
globnlin. 

The alkaline liquid may be heated to boiling without giving 
any precipitate, and sometimes without showing any opalescence. 
If it is neutralized, or made feebly acid with acetic acid and 
heated, the most frequent result is an opalescence at 60° C., which 
separates out as a well-marked precipitate at 65° to 68° C., and 
a second smaller precipitate or opalescence at about 75° C.. In 
some cases no distinct precipitate, even when the liquid was 
made feebly acid, was obtained below 75° 0. The precipitate 
obtained by saturation with MgSO^ gave the same reactions upon 
heating as that from the serum. Complete saturation with 
NaCl throws down only a small portion of the globulin. The 
paraglobulin, like that of serum, may be partially precipitated by 
careful addition of dilute acetic acid. 

Although the clear liquids contain a number of white corpus- 
cles, I was not able, for the few times that I tried it, to obtain a 
solution of ferment from them by Schmidt’s method, except in 
one case ; in this instance the precipitate produced by alcohol, 
after standing for three weeks, was extracted for a few minutes 
with water, and a solution obtained which gave no sign of a pre- 
cipitate upon boiling and no proteid reaction with HNO, and 
NH4OH, but which when mixed with a solution of fibrinogen 
gave a small clot. Not much importance, however, can be placed 
upon this single experiment. 

■The error in this uuJydB was OTidently caused by a fidlure to wash out 
completely all the llgW,. 
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THE ORIGIN OF THE FIBRIN FORMED IN THE 
COAGULATION OF BLOOD. By WM. H. HOWELL, 
Ph.D., Fellow of the Johns Hopkins University. 

Of the different views which have been held with regard to 
the origin of the fibrin formed in the coagulation of blood, only 
two at present are taught in the text-books of physiology. 

The older of these two views, and the one, perhaps, the more 
generally received, is that of Alexander Schmidt. According to 
the theory of Schmidt there are three substances, in addition to 
a certain quantity of neutral salts, which are necessary for the 
formation of fibrin, viz., fibrinogen, fibrinoplastin, or, to use a 
less objectionable name, paraglobulin, and fibrin ferment. The 
nature of the reaction amongst these three bodies, as usually 
given, is that the fibrinogen and paraglobulin interact or undergo 
a chemical combination of some kind under the infiuence of the 
fibrin ferment. Schmidt himself, after his discovery of the fer- 
ment, did not advance any theory of the chemical reaction that takes 
place, and expressly says that he is unable to offer any suggestion 
with regard to the nature of the decompositions or combinations 
that may occur. He contents himself with stating that the 
fibrin formed is the result of a fermentative process, the sub- 
stratum of which is furnished by the fibrinogen and paraglobu- 
lin (1). The point that he insists upon is that both of these 
bodies are essential for the formation of fibrin. Fibrin can not 
be formed from either of them alone under the influence of the 
ferment. 

The second of the two theories, that of Hammarsten, was first 
proposed by him about ten years ago, and from that time up to 
a year ago he has published numerous investigations in which 
the nature of the three bodies in question and their relations to 
fibrin have been fully discussed (2). According to Hammar- 
Bten, fibrin is formed from fibrinogen alone under the influence 
of ferment. A solution of pure fibrinogen prepared according 
to a method which will be described later, and containing no 



64 


WM. E. HOWELL. 


paraglobalin whaterer, gives when mixed with a solution of 
ferment likewise free from paraglobulin, a firm clot, 'yielding 
perfectly typical fibrin. The fibrinogen alone, according to this 
view, undergoes a process of fermentation resulting in the forma- 
tion of fibrin. 

The fibrinogen, however, is not completely converted into 
fibrin. The amount of fibrin obtained from equal quantities of 
fibrinogen varies greatly under different conditions; usually only 
from 60 per cent, to 80 per cent, of the fibrinogen is changed 
into fibrin. That portion of the fibrinogen molecule which is 
not converted into fibrin undergoes a further action of some 
sort, resulting in the formation of a new globulin with a coagula- 
tion temperature, 64®-66® C., intermediate between that of fibrin- 
ogen and of paraglobulin. Hammarsten has succeeded in isola- 
ting this body from blood-serum by partial precipitations with 
NaCl. Like fibrinogen it is completely precipitated from its 
solutions by saturation with NaCl, and resembles closely in ele- 
mentary composition a globulin formed, according to Hammarsten, 
from a portion of the fibrinogen molecule when a solution of 
fibrinogen is heated to 56^-60^ C. At this temperature the 
larger portion of the fibrinogen (from 60 per cent, to 90 per 
cent.) is coagulated, while a portion remains in solution as a 
globulin coagulating at 64^-66^ O. He concludes, therefore, that 
the chemical process in the two eases, coagulation of fibrinogen 
by ferment and by heating to 66®-60® 0., is the same, resulting in 
the formation of an insoluble product, relatively rich in nitrogen, 
and a soluble globulin, relatively poor in nitrogen, and coagu- 
lating at a higher temperature than fibrinogen. He does 
not believe that the fibrinogen molecule splits up directly, 
yielding those two products. If a definite decomposition 
of this sort occurred, the relative proportions of the two 
products formed would remain constant, whereas they may vary 
within wide limits. Ho thinks rather, as stated above, that from 
the larger portion of the fibrinogen molecule the fibrin or coag- 
ulated fibrinogen is formed by the action of the ferment or heat, 
while the portion of the fibrinogen molecule left undergoes a 
further change, resulting in the formation of the second soluble 
product. 

The essential point of difference between the two theories lies 
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in the r6le attrihat^ to paraglobnlin. According to Sdunidt, 
paraglobnlin takes a direct part in the reaction, and in some way 
or other is represented in the fibrin molecule; while according 
to Hammarsten the paraglobnlin takes no direct part at all in 
the process, the fibrin is formed from the fibrinogen alone under 
the infinence of the ferment. 

The chief arguments advanced by Schmidt in support of hie 
view are these : (1) There are certain hydrocele liquids which con* 
tain either no paraglobnlin at all, or, at the most, unimportant 
traces of it. If we add to such hydrocele liquids a solution of 
ferment alone, no coagulation takes place, while the addition of 
serum readily causes the formation of a clot. (2) The weight of 
fibrin formed increases to a certain extent with the quantity of 
paraglobnlin added. 

With regard to the first of these statements, Hammarsten has 
shown conclusively that it is erroneous. Hydrocele liquids which 
do not clot spontaneously, nor upon the addition of ferment so- 
lutions prepared according to Schmidt’s method, are found upon 
analysis to contain much more paraglbbulin than fibrinogen. 
The paraglobnlin of such liquids, moreover, is notfibrinoplastic ; 
that is, if a pure solution of it is prepared from the hydrocele 
liquid and added, together with some of Schmidt’s ferment solu- 
tion, to another hydrocele or pericardial liquid which does not 
clot spontaneously, nor upon the addition of ferment alone, no 
coagulation follows ; while if some blood-serum is added to the 
same liquid a clot is obtained. 

While these experiments completely disprove Schmidt’s state- 
ment that the reason such hydrocele liquids do not clot with 
ferment alone is that they contain no paraglobnlin, it still remains 
a question why they coagulate with blood-serum and not with 
the artificial serum made from the ferment and the hydrocele 
paraglobnlin. According to Hammarsten, hydrocele liquids con- 
tain some substances which prevent the formation of fibrin, or, 
at least, prevent its separation in an insoluble form, and he gives 
a number of experiments to show that this is the case, 
injurious action of those substances is prevented in some way by 
paraglobnlin. When serum is added, thm^fore, tiie ferment 
present is allowed to work on the fibrinogen and fibrin is formed. 
The paraglobnlin favors the formation of fibrin indirectly. The 
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reason that a foment solution, pins non-fibrinoplastic paraglobn- 
lin, prepared from hydrocele liquids of the kind described, does not 
cause coagulation when added to other hydrocele liquids of the 
same character, appears to be that the solution is too weak in 
ferment to act upon the fibrinogen under these conditions. The 
paraglobulin solutions prepared from such sources probably con- 
tain little, if any ferment, and the ferment solution when made 
according to Schmidt’s method is usqally not very strong in fer 
ment — not nearly so strong as blood-serum. In support of this 
view, Hammersten has been able, by a new method (3), to pre- 
pare a ferment solution which in successful cases is v6ry powerful, 
and when added alone to hydrocele liquids of the kind described 
gives a clot. 

Witli regard to Schmidt’s second argument, Hammarsten 
admits that the addition of paraglobulin may increase the amount 
of fibrin which can be obtained from a given weight of fibrin- 
ogen. He explains this result upon the ground that the para- 
globulin simply prevents the unfavorable action of spbstances 
present in the plasma- or fibrinogenous liquid u^. Amongst 
such substances he names the alkalies and alkaline salts, though 
there are others as yet unknown. He finds that the amount of 
fibrin may be increased by other means ; for instance, simple 
neutralization of the liquid, or the addition of GaCl„ or of an 
impure casein prepared by a special method. Hammarsten’s 
experiments on this point are not so complete as might be de- 
sired, and this action of paraglobulin forms the strongest argu- 
ment at pr^nt for those who believe that it takes a direct part 
in the formation of fibrin. In support of his theory of coagula- 
tion, however, Hammarsten brings forward the very strong posi- 
tive proof that fibrinogen alone under the influence of ferment 
alone yields a clot containing typical fibrin. 

His experiments were made entirely on mammals, and have 
never, so far as I know, been confirmed by any other investi- 
gator. I have, therefore, in connection with some work upon the 
blood of the terrapin, taken the opportunity of repeating his 
experiments. The results of my work confirm on the whole 
Hammarsten’s theory, as far as the formation of fibrin from fib- 
rinogen alone is concerned, though in some minor points I havb 
obtained results difiering from his. 
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The method used in preparing the fibrinogen solntion was 
essentially that given by Hammarsten (4). A oannnla was 
placed in' the pulinonaiy artery, and the blood allowed to fiow 
. directly into a glass cylinder packed in ice.* From 50 cc. to 
125 cc. of blood were nsnally obtained from a single animal. 
The blood was allowed to stand for 24-48 hours, and at the end 
of that time the corpuscles had settled to such an extent that an 
amount of clear plasma equal to about two-thirds of the original 
bulk of blood could be drawn off with a pipette. 

In one case after the blood had been allowed to stand for 48 
hours, surrounded by ice, and the greater portion of the clear 
plasma had been removed, the cylinder containing the blood was 
left in the refrigerator without any ice, at a temperature of 15®- 
20® C. for about a week. At the end of that time the clear 
plasma above the corpuscles was found perfectly fluid, and when 
removed, a portion of it kept for several days in a warm room 
refused to clot, while another portion mixed with a little clear 
serum from a clot of colorless plasma clotted in a few minutes. 
The white corpuscles had evidently settled so completely that the 
plasma contained no ferment at all. The observation gives a 
very interesting proof' that the ferment is formed from the break- 
ing down of the white corpuscles, and that the fibrinogen exists 
pre-formed in the plasma. 

The clear plasma was filtered, to get rid of the white cor- 
puscles, in a funnel surrounded by ice. An equal bulk of satu- 
rated NaCl solution was then added, the solution quietly stirred 
and allowed to stand in the cold until a flocculent precipitate of 
fibrinogen had separated out. The fibrinogen was filtered off 
through a plaited filter, the filter carefully pressed between 
sheets of filtering paper, and finally cut into small bits which 
were stirred in a 6-8 per cent, solution of NaOl ; the amount of 
IN^aCl solntion used was about one-third that of the original 
plasma. After standing a few minutes the solution was filtered 
off and put through the same process a second and third time. 
The third precipitate after being pressed was dissolved in water, 
the fibrinogen going into solntion readily by the aid of the small 
amount of IfaCl still adhering to the filter. The solution 
finally obtained was colorless or very faintly opalescent, whm 
good quantitative filter paper purified by HOI was used. The 
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splationB were abeolntelj free from paraglobalin, since they were 
completely precipitated by saturation with NaOl or by heating 
to 60® 0. 

For the preparation of ferment I have used several different • 
methods, but obtained the best solutions from Schmidt’s well 
known process of precipitating the proteids of sernm by alcohol. 
Hammarsten’s new method of preparing the ferment gave, for 
the few times that I tried it, very weak solutions. The method 
consists in throwing down the paraglobulin from sernm by satn- 
ration with MgSO^, precipitating the MgS 04 and ferment by 
sodium hydroxide, dissolving the magnesium hydroxide in acetic 
acid, and dialysing off the magnesium acetate. The solution 
finally obtained is very strongly diluted, owing to the high 
osmotic equivalent of magnesium acetate ; its weak ferment 
action is most probably caused by this fact. 

The solutions of ferment prepared by Schmidt’s method gave 
no opalescence whatever when heated to 80° C. When boiled, a 
very faint opalescence was Sometimes seen, while in other speci- 
mens even boiling did not cause the slightest turbidity, although 
the solution was perfectly neutral, so that there could be no 
question of the absence of even traces of paraglobulin. When ' 
solutions of such ferment were mixed with the pure fibrinogen, a 
firm colorless clot was obtained in all cases ; the time necessary 
for the formation of the clot varying from ten minutes to an 
hour, at the ordinary temperature of the room. 

There can be no doubt then, that with the blood of this animal 
as with that of the mammal, fibrin is readily formed from pure 
fibrinogen under the influence of the ferment. The fibrin formed 
in this way, however, usually appeared more soluble in dilute NaCl 
solution than that formed normally from the blood, resembling 
in this respect the fibrine concrete pure of Denis obtained under 
certain conditions fr'om the venous blood of man. Hammar- 
sten noticed the same fact in some of the specimens of fibrin ob- 
tained from hie fibrinogen. He states that a fibrin of this char- 
acter may be formed qnder three conditions, viz., by the addition 
of large quantities of paraglobulin to the solution, by the addi- 
tion of small quantities of tree alkalies, or normally from certain 
Specimens of fibrinogen which in this respect are not quite typical. 
The clots of fibrin obtained from’ my fibrinogen solutions by the 
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action of ferment quite often dissolved to a tnrbid liquid in the 
course of 48 hours, while the clot formed from the clear plasma 
was much more stable. Whether this difference was caused by 
the presence of the p'araglobulin in the plasma or by the greater 
strength of the plasma in ferment and fibrinogen I am unable 
to say. 

In one respect the fibrinogen solutions which I obtained from 
the terrapin’s plasma differed markedly from those obtained by 
Hammarsten from mammalian plasma. As was said in speaking 
of his theory, the fibrinogen prepared by him was only partially 
coagulated by heating to 60° 0., a small portion of the original 
fibrinogen remaining in solution as a new globulin, coagulating 
at 64®-66“ 0. The reactions of this globulin resemble very 
closely those of fibrinogen; this is especially seen in its 
behavior towards salt solutions. Hammarsten has not shown 
that a globulin of this character does not already exist in the 
plasma, and an objection to his experiments might be made on 
this ground. If such a globulin is present in the plasma, it will 
be precipitated, together with the fibrinogen, in the method used 
for preparing the latter — and will appear in the final solution. 
The fibrin formed from the solution under these conditions might 
be considered as the result of an interaction between the fibrino- 
gen and this third globulin under the influence of the ferment. 
Or this body might possibly be regarded as a modified paraglo- 
bulin changed by the method of preparation. However that may 
be, the same objection cannot be raised against the fibrinogen 
solutions prepared from the terrapin’s blood. This fibrinogen is 
completely precipitated from its solutions by heating to 56°-60°C. 
The filtrate from the precipitate when boiled gave in many 
cases no opalescence whatever, and no proteid reaction with the 
xanthoproteic test. Sometimes the filtrate gave when boiled a 
very faint opalescence, so extremely small, however, that it could 
be n^leoted. I have found also that fibrinogen prepared in the 
same way from hydrocele liquids which are not spontaneously 
coagulable, is likewise completely precipitated when heatbd to 
60° C. . ■ 

On the other bend, when a solution of fibrinogen was allowed ' 
to clot with ferment and the fibrin removed as quickly as it t^as 
formed to prevent any of it from being dissolved, i£ was founds in 
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accordance witli Hammar&ten’s statement, that only a portion of 
the fibrinogen was convert^ into fibrin (see preceding paper, 
p. 58), the remainder staying in solution as a new globulin 
coagulating not at 64'’-66*’ 0. as is the case with mammalian fibri- 
nogen, but at a temperature between 75° and 80° C. Hammar- 
sten’s statement that the coagulation of fibrinogen by heat and 
by ferment action is essentially the same process, will not hold 
with terrapin’s blood at least, and to judge from the action of 
the hydrocele fibrinogen is not true for human blood either. 

The ^ird globulin formed from a portion of the fibrinogen 
when exposed to the action of ferment cannot be. explained as a 
portion of dissolved fibrin, since I found that in one case, in which 
the fibrin formed could be dissolved in 2 per cent. NaOl solution, 
it was completely re-precipitated when heated to 64°-65° 0. 

Several series of experiments were made to determine at what 
temperature the action of the ferment is destroyed. The ferment 
solution used in these experiments was a second extract of the 
coagulated proteids of the serum obtained by Schmidt’s method, 
and was not very strong. Small portions of the solution were 
exposed to difierent temperatures during five minutes, allowed 
to cool, and then mixed with a solution of fibrinogen. It was 
found that up to 70° 0. the action of the ferment is not destroyed 
by heating for five minut^ although apparently weakened, since 
a longer time is required for coagulation, and the clot formed is 
more or less imperfect. When heated to 80° C. for five minutes its 
power is entirely lost. A short exposure of one or two minutes 
to even 100° G. does not completely destroy the ferment, a small 
clot can still be obtained with fibrinogen. 

The aqueous solution of the ferment differs remarkably from 
blood-serum in its behavior toward heat. When portions of the 
serum are heated for five minutes to 50° G., and, after cooling, 
mixed with fibrinogen solutions, coagulation takes place only 
after 48-;-72 hours, and if heated to 60° G. for the same time no 
clot at all can be obtained with it. Hammarsten found that 
when mammalian serum is heated to 58°-60° G. it loses its fibrino- 
plastic power, i. e. the ferment is destroyed, while the properties 
of the paraglobulin remain nnaltered. The fact that the fer- 
ment is destroyed more easily when dissolved in serum than in 
its aqueous solutions may possibly be explained by the alkalinity 
of the serum. .. 
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The fenuient of terrapin’s blood dow not appear to differ in any 
respect from that of mammalian blood. Hydrocele liquids clot 
readily with terrapin’s serum, and, on the other hand, eolations 
of fibrinogen prepared from terrapin’s plasma, when mixed with 
ferment made from the blood of a dog.or ox by Schmidt’s method, 
coagulate without difficulty. 
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ON THE ACTION OF CARBOLIC ACID, ATROFIA 
AND CON V ALL ARIA ON THE HEART; WITH 
SOME OBSERVATIONS ON THE INFLUENCE 
OF OXYGENATED AND NON-OXYOENATED 
BLOOD, AND OF BLOOD IN VARIOUS DE- 
GREES OF DILUTION. By H. G. BEYER, M. D., 
M. E. C. S., Passed Assistant Surgeon, TI. S. N*. 

The experiments described in the following pages are for the 
most part rather ,of therapeutical than of purely physiological 
interest. They were, however, carried out in the physiological 
laboratory of the Johns Hopkins University, whose facilities for 
such work were placed at ray disposal by Professor Martin. I 
have,, accordingly, desired to publish them in this Journal. 

The method of work employed has already been very well 
described by Howell and Warfield {Studies from Biol. Ldb.j 
Johns Hopkins University, Vol. II, p. 329), and also by H. H. 
Donaldson and L. T. Stevens {Jowmal of Physiology^ Vol. IV, 
p. 166). A full description of it can, therefore, be here omitted. 
There are, however, one or two minor points in the operation 
for isolating the heart of the terrapin, and preparing the same for 
as nearly as possible normal and uniform work, to which it is de- 
sirable to call attention. 

When the plastron of a terrapin is removed, one can easily 
watch its heart beat through the transparent pericardium, filled 
with clear lymph. Careful observation shows that during systole 
the base of the ventricle broadens out and, with its attached 
auricles and blood-vessels, moves slowly but steadily in a direc- 
tion towards the apex. The apex, on the contrary, is fixed in 
position by a narrow strip of fibrous tissue, which arises from a 
tough membrane stretching across anterior to the liver and is 
inserted into the apex of the ventricle. Out of nearly sixty ter- 
rapins which I had occasion to examine, this band was missing 
in only one. By fixing it with ligatures in, as nearly as possible, 
the place it had occupied before the operation of tying in can- 
nulas, &e., the relation of the entire heart to the vessels spring- 
ing from it, especially the aortas, seemed much more secure, and 
no tilting up of the apex to interfere with the outflow could 
occur. Furthermore, as far as I know, only one venous or in- 
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flow cannula, and one arterial or outflow cannula have hitherto 
been used by experimenters ; I have used for the purpose of 
feeding the heart, cannulas in two or more of the veins passing 
to the heart, and for the outflow have inserted cannulas in two 
or all three of the arterial stems arising from the ventricle. 
More natural conditions are thus afforded to the isolated heart. 

The Influence of Mammalian Blood in different Degrees of 

Dilution upon the Worlc done iy the Heart of the Slider 

Terrapin. 

Bossbach {Arh. aus d. physiol. Institut zu Leipzig^l^'l^^^'BA. 
ix, p. 90) found that the isolated frog’s heart under the influ* 
ence of defibrinated blood beat regularly, but that under serum 
its beats occurred in groups. King (^rch. fur Anat. u. Phys. 
1879, p. 435) was unable to confirm these results, but found 
that whether blood or serum were used, pulsations either in 
groups or at regular intervals might be obtained. 

Since the heart of cold-blooded animals was first successfully 
isolated and kept alive for a number of hours outside the body 
while fed by some nutritive liquid, as serum, blood, &c., a variety 
of feeding fluids have been tested, with the object of ascertaining 
which would cause the heart to yield the maximum amount of 
work in a given time. Thus McGuire (Arch. f. Anat. u. Phy- 
siol. 1878) obtained the maximum amount of work by feeding 
the heart with a mixture composed of one part of mammalian 
blood and two parts of a 0.6 per cent, sodium chloride solution ; 
and 0. S. Boy {Jow. of Phys. 1883) mentions that his experi- 
ments led him to the same conclusion. Kronecker, in reporting 
on some investigations of Mr. May’s (Arch.f. Anat. u. Physiol. 
1883, p. 263) states that the maximum amount of work done, and 
the greatest number of pulsations, were obtained when the heart 
was fed with undiluted blood. H. H. Donaldson and L. T. 
Stevens iffowr. of Phys. V^ol. IV, p. 165) in their experiments on 
the influence of digitaline on the heart of the frog and terrapin, 
made use of a mixture of equal parts of blood and 0.76 per 
cent, salt solution. The heart was kept under observation in 
some of their experiments for over ten hours, and had in the mean- 
time been repeatedly drugged, and still was reported as doing 
well at the end of that time. After having made a rather laige 
number of experiments on this point in my preliminary work on 
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the frog and slider tei:rapin, substituting the saline mixture pro- 
posed by Sydney Ringer * {Journal ofPhytioihgy^YoV III, p. 89) 
for the O.'TS per cent, of normal salt solution as used in the ex- 
periments of Donaldson and Stevens, 1 feel very safe in saying 
that so far as defibrinated calf’s blood is concerned, the maxi- 
mum amount of work and the greatest number of pulsations can 
be obtained from the heart by feeding with a mixture of about equal 
parts of blood and Ringer’s solution. Any greater dilution re- 
sults sooner or later in undue dilatation, first of the sinus, then 
of the auricles, and at last of the ventricle. A mixture of one 
part of blood and two parts of the saline may give for the period of 
an hour as much, or even a slightly larger, amount of work, but 
it meanwhile injures the muscular substance of the heart, the re- 
sults b6ing undue relaxation and irregularity in its action ; on 
the other hand undiluted defibrinated calf’s blood, in my hands at 
least, has not given either the maximum amount of work or the 
greatest absolute number of pulsations. In experiment I, besides 
undiluted defibrinated calf’s blood, six different dilutions were 
employed, their strength varying as stated in the last column of 
the table, p. 77. 

The results show that the maximum amount of work is not 
done by the heart when supplied with simple defibrinated calffs 
blood, and that under almost any of these dilutions more work 
is done in a given time than with the undiluted blood. When 
the mixture 1 : 20 was turned on, the heart continued its regular 
beat for 10 minutes, and then suddenly became irregular in its 
action, and unable to overcome the hydraulic pressure opposed 
to its contraction ; it partially recovered, however, under a mix- 
tnro of three parts of blood to one of Ringer’s solution. 

In all the experiments described in this paper the venous 
pressure” indicates the height above the heart of the bottom of 
the air tubes of the supplying Marriotte’s fiasks. For example, 
“venotis pressure 7 cm.” means that the liquid supplied to 
the heart entered the cannulas supplying that organ nnder^the 
pressure exerted by a column of the nutrient liquid seven centi- 


*The composition of this mixtoie is : 
Konn^ Bolt solution (0.75 per cent.), 
Oaleinm oUorlde soi. (1.890), . 

Sod. bioarbonste sol. (0.60 per oent.), 
S(^ of potass, obloride (1.0 per cent.). 


100 . 00 . 

0 . 00 . 
9.6 00 . 
0.76 00 . 
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metres in height, and so on. When different liquids were used 
they were contained in separate Marriotte’s flasks, carefhlly ad- 
jnsted BO that the pressure under which liquid flowed out of them 
was the same for all. The supply tubes from these flasks had 
stop-cocks on them, and all met in a common tube from which in 
turn the heart was supplied. By closing and opening the proper 
stop-cocks, any one flask could at will be lised to feed the heart. 
All the Mairiotte’s flasks stood on the same horizontal platform, 
and were raised or lowered equally by moving this platform, 
if it became desirable to change the venous pressure in the course 
of an experiment. The outflow cannulas coming from the aortss, 
or, in some cases, also from the pulmonary artery, were all con- 
nected with a single tube, from the distal end of which the liquid 
pumped round by the ventricle flowed out, and was collected 
and measured. The height of the orifice of this tube above the 
heart is stated in each experiment as the arterial pressure.” 
Being kept constant throughout an experiment, any variation in 
the weight of blood pumped out in a unit of time was proportional 
to the variation in the work done: that is to say, the “lift” re- 
maining the same, any change in the “ work ” was indicated by, 
'and was directly proportional to, variations in the “ load ” lifted. 
As the specific gravity of the various liquids used in any one ex- 
periment differed very slightly, the “ load ” lifted was practically 
proportioned to the bulk of the liquid pumped out by the ven- 
tricle. Accordingly it is stated in the third column of each of 
the tables of experiments, in cubic centimetres. The temperature 
stated in the fourth column is that of the liquid supplied to the 
heart It never differed more than 0.5° C. from the temperature 
of the box in which the terrapin was enclosed, and gives more 
accurately the actual temperature of the heart. A mercury 
manometer was connected with the outflow tube near the heart. 
Its pen wrote on the smoked paper of a revolving cylinder, on 
which also a chronograph recorded seconds. 

ExFBBIMBirr 1. 

Mardi 6th, 1884. Terrapin, weighing 585 gnus. Inflow can- 
nulas in inferior vena cava and left superior vena cava; outflow 
cannulas in aorta and pulmonary artery. Nutrient liquid, calf’s 
blood mixed with Singer’s saline in various proportions. : Yenous 
pressure, 7 cm. Arterial pressure, 25 cm. 
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lime. 

P.M. 

Bate 

per 

mUi. 

Work 
Id C. C. 
per min. 

Temp. 

Cent. 


She 00m. 




Terrapin in box. Nutrient, undiluted deflbri- 





nat^ calf *8 blood. 

80 

81 

81.5 

21 


85 

81 

32 



40 

81 

82 


Nutrient, blood and Bing^r’s solution (1 ; 1). 

48 

82 

45.5 


45 

82 

43.5 



46 

82 

44.5 


Nutrient, blood 3, Binger’s solution 2, distilled 





water 1. 

48 

82 

44.5 



51 

82 

44.2 


Nutrient, undiluted blood. 

56 

81 

31.5 



58 

81 

32 



4h. 00m. 

81 

81.6 



08 

81 

82 


Nutrient, blood and Binger’s solution (1:1). 

05 

82 

47.5 


07 

32 

45 



09 

32 

45.5 


Nutrient, undiluted blood. 

12 

32 

33 



16 

82 

83.5 



20 

82 

33.5 


Nutrient, blood 3, Binger’s solution 2, distilled 





water 1. 

28 

83 

47.5 



4h. 25m. 
27 

30 

32 

83 

84 

84 

34 

44 

42 

42 

45 

20.5 

Nutrient, blood and Binger’s solution (1:1). 

Nutrient, undiluted blood. 

36 

32.5 

33.5 



39 

83 

84 



41 

32.5 

33.5 



43 

33 

34.6 


Nutrient, blood and Binger’s solution (1:1). 

46 

34 

47.5 


48 

34 

45 


Nutrient, undiluted blood. 

52 

33 

84 



55 

33 

34.5 



68 

33 

34 



5h. 00m. 

38 

34.5 


Nutrient, blood 3, Binger’s solution 2, distilled 





water 1. 

03 

83 

45.5 



05 

85 

42 


Nutrient, undiluted blood. 

09 

38 

38.5 



12 

88 

83 



14 

88 

83.5 


Nutrient, blood and Binger’s solution (1 : 1). 

16 

88 

88.5 

20.6 

20 

84 

42.5 



21 

85 

43 


Nutrient, undiluted blood. 

25 

82 

84 



28 

88 

84 


Nutrient, blood 8, Binger 2, distilled water 1. 

81 

88 

84.5 


88 

84 

47.5 



‘ 85 

85 

45.5 


Nutrient, undiluted blood. 

87 

85 

44.5 


40 

88 

84.5 



42 

88 

84.6 
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Time* 

P.M. 

Rate 

per 

min. 

Work 
In C. C. 
per min. 

Temp. 

Cent. 


5h. 44 

33 

35 

20.5 


46 

82 

34 


Nutrient, blood and Ringer's solution (1:1). 

50 

33 

45 



53 

34 

44.5 


Nutrient, undiluted blood. 

57 

33 

34.5 



6h. 00m. 

32 

34 


Nutrient, blood 3, Ringer 2 ; dist’d water 1. 

02 

33 

45 



04 

34 

42.6 



06 

34 

43.5 


Nutrient, undiluted blood. ■ 

*09 

82 

34 


Nutrient, blood and Ringer’s solution (1:1). 

14 

34 

45 


Nutrient, undiluted blood. 

19 

32 

34.5 



21 

32 

35 


Nutrient, blood and Ringer’s solution (1:1). 

25 

33 

40.5 



27 

34 

40.5 



29 

34 

41 


Nutrient, blood 3, Ringer 2, dist’d water 1. 

83 

34 

45 


Nutrient, blood and Ringer’s solution (3:1). 

36 

34 

42 



88 

34 

43 



41 




Nutrient, blood and Ringer’s solution (1:1). 

44 

33 

42 

20 


46 

34 

42 



49.30 

34 

42 


Nutrient, blood and Ringer’s solution (1:3). 

52 

35 

49.6 



55 

33 

43 


Nutrient, blood and Ringer’s solution (3:1). 

7h. 00m. 

32 

37 


Nutrient, blood and Ringer’s solution (1:3). 

03 

32 

48 


Nutrient, blood and Ringer’s solution (3 : 1). 

06 

32 

45 

20 


07 



X 

Nutrient, blood and Ringer’s solution (1 : 8). 

23 

52 

50 



26 

32 

48. 



' 29.30 

31 

46 



31 

31 

40 


Nutrient, blood and Ringer’s solution (3 : 1). 

34 

.31 

41 



38 

32 

48 



41 

31 

44 



■ 46 

31 

45 


Nutrient, blood and Ringer’s solution (1 : 1). 

50 

31 

39 



53 

31 

40 


Nutrient, blood and Ringer’s solution (1:7). 

56 

. 33 

50 



8h. 00m. 

32 

45 



05 

31 

OA 

44 


Nutrient, blood and Ringer’s solution (1 : 20). 

10 

12 

30 

41 


Heart becoming distended an^npt contracting 





properly. 

14 

30 

42 



18 




Two ventricular to each auricular cont^tion. 


An attempt was made to recover the heart by supplying it 
with a mixture of blood and Ringer’s solution (3 : 1), but without 
success. 

The preceding experiment seemed to show so clearly the su* ' 
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periority of defibrinated blood and Singer’s solution mixed in 
equal volumes, that I used this mixturO in all subsequent ex- 
periments. 


The hiflumce of Oteygenated cmd Non-oxygmated Shod upon 
the Work of the Heart. 

One of the first to investigate the infiuence of difierent gaseous 
substances on the isolated heart of cold-blooded animals was 
Oastell (Arch. f. Anat. u. Physiol. 1854, p, 226). According 
to this observer the heart of the frog, when cut out and placed 
under a bell glass, would on an average continue to beat for 
three hours, the ventricle ceasing its contractions long before the 
auricles. In rarefied air the heart beat only for thirty minutes. 
In an atmosphere of oxygen the heart was found to beat for 
twelve hours; surrounded by carbon dioxide gas, the contractions 
continued only six minutes ; they were, however, resumed on the 
admission of air, and then continued for two hours. Cyon (Comptes 
Hendus, 1867), from some experiments made in the laboratory at 
Leipsic under Prof. Ludwig, came to the following conclusions : 
« Mes experiences ont demontre que I’oxygen excite snrtout les 
ganglions moteurs du cosur tandisque I’acide carbonique agit de 
la memo mani^re sur les ganglions regnlateurs.” McGuire 
(Arch. f. Anat. und Phys. 1878, p. 321), working under 
Kronecker’s direction, arrived at the conclusion thal oxygen 
exerted no perceptible influence on the heart’s action, while 
carbon dioxide weakened it very much. A year later Klug 
(Aroh.f. Anat. u. Phys. 1879, p. 436) published a number of 
experiments on the influence of oxygen and carbonic acid upon 
the frog’s heart. The conclusions arrived at were, that oxygen 
very much increased both the intensity and the frequency of the 
heart’s beat, while carbonic acid had the opposite effect. His 
experiments, therefore, were in perfect agreement with those of 
Castell made nearly twelve years previously. ' Some years later, 
£lug in connection with Desiter Yelits undertook the same line 
of research on the mammalian heart. The gases were admin- 
istered through the lungs, by means of an apparatus for artificial 
respiration which was in connection with gasometers containing 
oxygen and carbon dioxide gas respectively. It was found that 
in animals, with divided spintd cord and vagi a 40 per cent, car- 
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boni dioxide mixture blown into the lunge produced no percep- 
tible change, for forty seconds. During the last third of the first 
minute and during the second minute the number of beats 
decreased, arterial pressure weni down, and .continued to fall 
until deatli ensued at the end of five or six minutes. In animals 
treated with oxygen, the pulse rate was considerably increased 
and arterial pressure raised. Klug and Yelits concluded that 
oxygen exerted a stimulating influence upOn the intracardiac 
nerve-centres, while carbon dioxide paralyzed them. Belative to 
the influence of carbon dioxide upon the intracardiao nervous 
apparatus, I find the following statement in an article by Dastre 
and Morat, who exposed the heart to asphyxiated blood : “ 11 est 
possible d’admettre au nxoins dans certain cas nne excitation 
direct des centres nerveux intracardiacques, mais cette eifet est 
extr^mement tardif, souvent obscur, et il n’intervient en definitive 
que par une faible part dans le processus asphyxique du coeur.” 
According to Dastre and Morat asphyxiated blood has a stimu- 
lant action upon all the tissues (Arehme de Rhys. norm, et path. 
3m. ser., tome 3, 1884). Granting that there exists a certain 
amount of evidence in favor of each of the opinions quoted in 
this short review of the literature of this important subject, it is 
nevertheless certain that oxygen cannot stimulate and be indif- 
ferent to, or carbonic acid stimulate and paralyze the same 
tissues at the same time and under the same circumstances. 
When in addition Paul Bert states that oxygen under several 
atmospheres of pressure exerts a poisonous action on living 
tissues, the strong and just criticism his assertions met with from 
Gyon {Aroh.f. Anat. et Phys. 8upp. Bd. 1883), and from Lehmann 
{Pflug. Arch.y Yol. XXXIII, p. 173, 1884), might have been fore- 
seen. Cyon and Lehmann have definitely established the fact that 
oxygen, even under very high pressure, does not destroy the vital- 
ity of a tissue, but may render ijts manifestation latent. Lehmann 
after exposing hearts at a somewhat low temperature to a pres- 
sure of thirteen atmospheres of oxygen, still obtained a reappear- 
ance of regular pulsations after the lapse of twelve hours, and 
lasting for days. 

The experiments which I am about to describe show tiie very 
decided influence which is exerted on the heart’s action by even 
very small doses of oxygen and carbonic acid respectively. The 
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way in which asphyxiated and oxygenated blood were prepared 
is as follows: a quantity of defibrin ated calf’s blood previously 
mixed with an equal volume of Binger’s saline was divided into 
two portions, and each portion put into a bottle ; one was allowed 
to stand quiet while the other was shaken up for a few seconds 
evei^ now and then, until a perceptible difference in color was 
noticed ; this was brought about in from five to fifteen minutes. 
Then the two bottles were turned into Marriotte’s flasks by 
inserting the proper stoppers and tubes, and when the time 
came for an observation, the blood was allowed to run through 
the heart and its eff!^t noted. From Experiment II it will ^ 
seen at a glance that the rate and the amount of work are always 
increased on supplying the heart with oxygenated blood. The 
rate, at first, very little, later on a difference of five beats per 
minute exists. The work done increases from 30 to 175 per 
cent, per minute. A very slight agitation of the blood before 
returning it into the flask will increase the work done by the 
heart, even when the difference in color is not perceptible to the 
eye. The importance of this point will be readily seen by those 
who have worked on the action of drugs on the heart. The plan 
of getting the drug into the blood followed out in all the experi- 
ments described later in this paper, was to dissolve it in Binger’s 
saline first, and then mixing it with defibrinated blood, required 
no more shaking than preparation of the control mixture of 
equal parts of blood and Binger’s solution ; thus uniformity was 
reached in this respect. If the drug be directly added to the 
blood mixture and well shaken up with it, effects really due to 
better oxygenated bipod may be ascribed to the drug under 
examination. 

The following table gives the data of one experiment ; several 
others were made which agree with it in all essential points. 


Exfebiment II. 

January 4th, 1884. Terrapin, weight 1100 grms. Calf’s 
blood and Binger’s saline 1:1. Inflow cannulas in inferior vena 
cava and hepatic vein ; outflow cannulas in' loft aorta and pul- 
monary artery^ Yenons pressure at start, 6 cm. Arterial pres- 
snre, 18.5 cm. 
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Time. 

P.M. 

Bate 

per 

min. 

Work 
In C. C. 
per min. 

Temp. 

Cent. 

The phrases *^On OOa blood’* and *’On O-blood” In 
this oolumn Indioate that non-adrated and a5mted 
blood respectively were supplied to the neart im- 
mediately after the time stated on the same line in 
column one. 

2h» 20m. 




Terrapin in box. 

8 h. SOm. 

22 


20.5 


25 

21 




80 

21 



On O-blood. 

85 

21 




40 

21 



Venons pressure lowered 1.6 cm. 

45 

21 




60 

20 I 

48 



65 

21 

48 


On GOfl blood. 

A. OOm. 

21 

88 



05 

21 

86 



10 

21 

87 


Off CO 9 blood ; on O^blood. 

15 

21 

46 



20 

21 

48 



25 

21 

48 



30 

21 

47 



40 

21 

40 


On CO 9 blood. 

45 

21 

26 



50 

21 

28 



55 

21 

24 


lon O-blood. 

6h. OOm. 

21 

26 



05 

22 

44 



10 

28 

45 



15 

24 

47 


On CO 9 blood. 

20 

1 22 

15 



25 

22 

16 


On O-blood. 

80 

25 

45 



85 

26 

47 

31. 


40 

27 

48 


On CO 9 blood. 

45 

23 

17 



50 

22 

14 


On O-blood. 

56 

29 

46 



6h. 00m. 

29 

45 


On CO 9 blood. 

05 

25 

20 

21 


10 

25 

23 


On O-blood. 

15 

29 

47 



20 

29 

45 


On COa blood. 

26 

26 

*19 



80 

25 

19 


On 0-Blood. 

85 

29 

45 




The experiment was continued until 8.30 P. M. with like 
results. 


The Influence of Garholic Add upon the Heart of the Terrapin. 

Notwithstanding the great medical and surgical importance to 
which carbolic acid has risen within the last two decades, and in 
spite of the deaths can^ by it, which firom time to time have 
been recorded, its physiological effects upon the circulatory 
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apparatoBj more especially on tiie heart itself, seem as yet not 
very satisfactorily determined. Opinions are stili at variance as 
to whether carbolic acid introdnced into 'the animal oi^anism 
may or may not be at first a stimulant to the heart and blood- 
vessels, thus increasing the blood pressure ; or whether its de- 
pressing and poisonous effects are exhibited at once. Hoppe- 
Seyler {Ffiuger'B Arohiv, v. 1872) obtained a rise in arterial and 
venous pressure just before convulsions came on ; Salkowsky 
{Pfluger^s Arohiv^ v. 1872, p. 344) noticed an increase in the 
rapidity of the blood-fiow in the capillaries of the frog’s web, 
followed by a slowing of the fiow. Labb4e {Archvoea giniraleaf 
6™ ser., tome 18, p. 451, 1871) .also noticed an increase in the 
strength of the systoles in the early stages of the poisoning and 
a contraction of the vessels. On the other hand, Budinger (Einige 
Beitrdge zur Lehre d. Wirkungd. Carbohdurey Greifswald, 1874) 
noticed a slowing in the circulation in the web of frogs under 
the influence of carbolic acid, and Gies {Zut Kermtniaa d. Wir~ 
hung d. Carbohdurey auf d. Thier Organhmua, Archiv.f. easp. 
Path. u. TherapUy xii, S. 401) found that lowering of the blood 
pressure and the decrease in the pulse rate took place almost 
siniultaneously with the introduction of carbolic acid into the 
circulation, and that after a time the normal pressure and pulse- 
rate returned. If we add to this the observations of Salkowsky, 
Labb4e, and a few others, that circulation survives respiration in 
carbolic acid poisoning, we have in few words about all that is 
known about the effects of carbolic acid on the circulatory appa- 
ratus. So far as the heart itself is concerned tho subjoined 
experiments III and lY (which are selected from a considerable 
number, all concordant) show, first, that carbolic acid in the 
smallest, as well as in the largest doses, acts as a depressant from 
first to last, reducing its rate of beat and its work. Second, 
that the heart as long as it is supplied with well oxygenated 
blood, will, up to a certain degree, show what almost amounts to 
an immunity from the poisonous effect of the drug. 

Expbbimbnt III. 

January 18th, 1884. Terrapin, weight 936 grms. Calf’s 
blood and Bingmr’s saline 1 : 1. Infiow cannulas in inferior vena 
cava, left superior vena cava, and hepatic vein; outfiow cannulas 
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in right and left aortse and pulmonary artery. Yenons preeanre, 
4 cm. Arterial preasnre, 24 cm. Carbolized blood contained 
0.1 per cent, of carbolic acid in the first part of the experiment, 
and 0.2 per cent, in the second. 


Time. 

P.M. 

Bate 

Work 



per 

min. 

in C. C. 
per min. 

Temp. 

Cent. 


3h. 00m. 

1 

84.6 


Terrapin in box. 

45 

20.6 

Oxygenated blood mixture turned on. 

4h. 00m. 
10 

M 

54.5 

46.5 


Same blood returned without shaking. 

20 

16 

41.5 



22 




On oxyg. blood mixture. 

25 

19 

49.5 


80 

18 

50.2 


On non-oxyg. blood. 

85 

18 

44.5 


On oxyg. blood. 

40 1 

19 

52.6 


On non-oxyg. blood. 

45 

18 

46.6 


On oxyg. blood. 

50 

20 

64.6 


66 

20 

66.8 


On non-oxyg. blood. 

Oh. 00m. 

20 

60 


On carboliz^ oxyg. blood (0.1 : 100 co.) 

05 

20 

87.6 


On oxygenated blood. 

10 

19 

62.5 


On carbolized non-oxyg. blood. 

15 

18 

89.5 


On oxygenated blood. 

20 

19 

52.5 


25 

20 

1 65.6 



80 

21 

68.5 

21 

On carbol. non-oxyg. blood (0.2 : 100 cc.) 

85 

10 

15.5 


On oxygenated blo(^. 

40 

18 

64.5 


46 

20 

67.6 

' 


60 

21 

67.5 



65 

21 

67. 


On carbol. blood (0.2 : 100 cc.) oxyg. 

6h. 00m. 

15 

26.6 


02 

15 

23. 


On oxyg. blood. 

06 

19 

68.5 


10 

21 

60. 


On carb. oxyg. blood (0.2 : 100 cc.) 

15 

1 18 

80.6 


16.80 




On oxyg. blood. 

20 


67.8 


25 

21 1 

59.2 


Ended experiment. 


Experiment IY. 

Jannaiy 16th, 1884. Terrapin, 1235 grms. Calf’s blood and 
Binger’s saline. Cannulas in left superior vena cava, hepatic 
vein, inferior yena cava, right and left aortse and pulmonary 
artery. Carbolized blood used in different strengths. Yenous 
pressure, 6.5 cm. Arterial pressure, 22 cm. 
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. Time. 
P.M. 

. Bate 
per 
. min. 

1 

■Work 
lnO.O. 
per min. 

4h. 20m. 

16 

82.6' 

25 

16 

84 

85 

16 

34.6 

45 

16- 

84 

50 

16 

88.5 

5h. 00m. 

16 

82.5 

05 

16 

18.6 

10 

16 

32.6 

15 

17 

36 

20 

19 

46 

25 

18 

88 

80 

20 

44.5 

85 

20 

46.1 

40 

21 

88 

45 

21 

88 

50 

21 

43 

55 

22 

45 

6h. 00m. 

22 

48 

05 

21 

50 

10 

20 

40 

16 

21 

53 

20 

22 

45 

25 

21 

43 

80 

21 

45 

85 

19 

45 

40 

20 

42 

45 

20 

42 

50 

12 

23 

55 

18 

23.5 

7h. 00m. 

19 

49.5 

05 

19 

48 

10 

10 

22.5 

15 

10 

28 

20 

18 

46.5 

25 

19 

49 

80 

9 

18.5 

85 

11 

21.5 

40 

9 

18.5 

45 

17 

45.5 

50 

17 

45 

55 

9 

19.5 

8h. 00m. 

16 

42 

05 

18 

45.5 

10 

7 1 

18.5 

1 

15 

8 

16.2 

20 

5 

10.5 

85 

16 

47 

40 

16 

45 

54 1 

17 

45 




Terrapin in box at 2h. 15m. Heart fed with 
oxygenated non-carbolized blood until 5h. 00m. 


On oarb. blood containing 0.1 : 500 cc. 

On oxyg. blood. 

On carb. blood well oxyg. containing 0.2 : 500 co. 
On oxyg. blood. 

On carb. blood, same as at 5h. 15m. 

On oxyg. blood. 

On oarb. blood well oxyg. , contain’g 0.4 : 500 cc. 


On oxyg. blood. 

On carb. blood well, oxyg., contain’g 0.6 : 500 cc. 
Heart slightly disturb^. 


On blood well oxyg. 

Heart contracting more perfectly. 

On carb. blood well oxyg., oontain’g 0.8 : 500 co. 
On oxyg. blood. 

Heart somewhat distended and contracting im- 
pei^ectly ; on well oxyg. blood. 

On carb. blood same as at 6h. 45m. 

On well oxyg. blood. 

On oarb. well oxyg. blood, contain’g 1.0 : 500 cc. 


On well oxyg. blood. 

Heart working very well. 

On carb. blood same as at 7h. 25m. 

On oxyg. blood. 

On oarb. blood well oxyg., contain’g 1.2 : 500 co. 

Heart distended ; two faint auricular beats to 
one ventricular. 

On well oxygenate blood ; heart very much dis- 
tended; auricles at a stand*still; ventricle 
beats once in two minutes. Ko blood pumped 
up to outflow oriflce. 

Heart has completely recovered. 

Experiment ended. 
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The two preceding experiments (and others which qnite accord 
with them) seem conclusive that the depressant and paralyzing 
action of carbolic acid upon the heart can be considerably dimin- 
ished, or be held at bay entirely, by a good supply of well-oxy- 
genated blood ; thus showing the great importance of the respi- 
ratory activity in cases of carbolic acid poisoning where there is. 
danger from failure of the circulation and heart’s action. 

On the Action of Atropia on the Isolated Heart of the Terrapin 

and the Antagonism existing letween it and Carbolic Acid, 

Bartholow, in the fifth edition of his Mat. Med. and Thera- 
peutics, makes the following statement : “ I am indebted to Dr. 
A. 0. Post, of Kew York, in a verbal communication, for the 
important fact that atropine is a physiological antagonist to the 
systemic symptoms induced by carbolic acid. Ho was induced 
to..administer atropine in a case of poisoning by carbolic acid on 
observing the minutely contracted pupil and the failing pircula- 
tion. The result was successful. Similar success has attended 
the same practice in other cases. Experiments on animals have 
also demonstrated the existence of this antagonism, which may 
now bo regarded as an established fact.” This statement, com- 
ing from and being endorsed by good authority, I determined to 
endeavor to find out in now far it might be true of the isolated 
heart. As far as experiments on animals are concerned, 1 am 
unable to find any published cases. In going over the literature 
on the physiological effects of atropia, I wish here, as elsewhere, 
to con^e myself to that part of it which has reference to the 
circulatory apparatus. H. C. Wood {Am. Jour, of Med. Soienoes, 
April, 1873), in four experiments on dogs whose pneumogastrics 
had been cut, obtained .in ,one a slight rise, in the rest a more 
decided rise in arterial pressure and an increase in the frequency 
of the pulse rate ; he believes that the enormous increase in the 
number of heart beats per minute seen in atropia poisoning is 
not entirely due, as has been believed, to paralysis of the vagi, 
but also to a direct stimulant action upon the antagonists of the 
latter. Yon Bezold and Bloebaum {TJJber die Wirhung d. 
Sehwefel. Atrepins, Unters. aus d. Thys. Loih. m Wvrebwrg, 
Heft 1), states that after section of the vagi and spinal cord, arti- 
ficial respiration Ibeing maintained, atropia fails to increase arte- 
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rial presBore. Lemaitro {Archims giniraleSj Aog. 1865, p. 49) 
olaiiaB to have Bhown that, notwithBtanding diviBion of the vagi, 
the. action of the heart is still increased under atropi^ Dr. John 
Harley, after experimenting on man, horse and dog, comes to the 
conclnsion that atropia exerts a powerfully stimulating action on 
the heart Times and Gazette^ March, 1868). Bartholow 
(Prize Essay, Frooeedinge of the Am. Med. AnoGunUon, 1869) 
noticed an increased flow through the blood-vessels in frogs, with 
a slight contraction of the calibre of the vessels, which contrac- 
tion was followed by an evident relaxation after some hours. In 
this Lemaitre, Minnot and Bartholow agree. In one of his 
experiments on frogs, Bartholow noticed, after the injection of i 
grain of atropia sulphate, an increase in the pnlse rate of from 40 to 
52 per minute, also an increase in the contractii^ power of the 
heart. Schiff {La Nazione, 1872, No. 235) made the remarkable 
observation that a quantity of atropia slightly larger than that 
which is sufficient to dilate the pupil, lessens the sensibility of 
the heart to such an extent that the arterial pressure may be at 
first increased to three times its normal extent and then dimin- 
ished to one-half or even one-third of that amount, without any 
change in the pnlse rate being produced. If ure assume that 
atropia paralyzes the extrinsic cardiac nerves, this is in accord 
with the experiments of H. Newell Martin on the isolated heart 
of the dog. Martin has shown {Stud. Bioh Lcd>.f Johns Hophme 
Unwersit/yf Yol. II, p. 213) that a heart set free from extrinsic 
nervouscontrol is not affected as regards its pnlse rate by variations 
in arterial pressure. Wood, as stated by Dr. Lander Brunton 
{London Med. Record.^ 1873), found that in a certain class of 
:^gs small doses (0.0001-0.001 gram) caused slowness of pulsa- 
tion and sometimes complete stoppage in. diastole, even after 
division of the vagi. After a shorter or longer stage the pulsa- 
tions could be arrested by very weak interrupted currents 
applied to the venous sinus, but later, when the pulsations bbgan 
to become quicker, stronger irritation was necessary to produce 
&is effect. At the same time that the atropia produces slowness 
of the heart’s beats and longer diastole, it makes the systolM. 
Btron^r and longer. The phenomena have been interpreted as. 
Rowing that atropia strongly stimulates the inhibitory and mus- 
culo-motor nerve tissues in the heart, the former predominating 
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over the latter. In another set of frogs, atropia seemed to para- 
lyze these nervous tissues without previously stimulating them. 
In a third class the inhibitory centres were rapidly paralyzed 
while the inusculo-motor ones were only slightly or not at all 
affected. In this class the end of the vagus in or near the heart 
seemed paralyzed before the inhibitory centre, so that, shortly 
after the administration of the poison, irritation of the nerve 
may have no effect, while the beat can still be arrested by irrita- 
tion of the venous sinus. Y on Bezold and Bloebaum found as 
the result of the smallest doses of atropia, in rabbits as well as 
in dogs, an increase in the frequency of the pulse rate and in the 
arterial pressure. In somewhat lai^er doses, an increase in the 
frequency of the pulse rate, but a fall instead of a rise in arterial 
pressure ; still larger doses produced a decrease in the pulse rate, 
which, after some minutes, was followed by an acceleration and 
a fall in the pressure ; the latter, however, rose again, but finally 
remained lower than normal. Finally, a dose of 0.1 gram, brought 
at once into the heart of the rabbit, paralyzed it immediately. 
l!hey agree with Rossbach and Frdhlich in believing that atropia 
paralyzes the terminal filaments of the vagus within the heart. 
Menriot, De la methode phya. m Therapeutiqua et de aea appU- 
eaiiona d Petwde de la BeUadonne, Paris, 1868), formulates bis 
conclusions as follows : small doses of atropia accelerate the heart 
and augment arterial pressure; the former is brought about 
by a paralysis of the terminal fibres of the pneumogastrics, the 
latter is due to increased muscular tonicity in the blood-vessels. 
In large doses, the muscular tonicity is impaired, and arterial 
pressure falls ; the pulse rate, also, is diminished in frequency. 

Expbbihent V. 

March 4th, 1884. Terrapin; 845 grms. Calf’s blood and 
Binger’s salinein equal parts. Infiow cannulas in left superiorvena 
cava and inferior vena cava ; outflow cannulas in left aorta and 
pulmonary artery. Venous pressure at first, 3.5 cm. Arterial 
pressure, 24.5 cm. The atropinized blood contained 0.002 grm. 
of atropia sulpb. to 100 cc. of the blood mixture. 



INFLUENCE OF ATEOPIA, 


89 


Time. 

P.M. 

Bate 

Work 
In C. C. 

Temp. 

Cent. 

The liquid stated in this column was supplied to 
the heart in each case immediately after the time 

i 

mfn. 

per min. 

stated on the same line In column one. 

2hi 40m. 

, 



Terrapin in box, and heart fed with non-poisoned 





blood. 

4h. 00m. 

27 

29 

18.5 


05 

27 

29 



10 

27 

29.5 



15 

27 

80 



20 

27 

80 



26 

27 

31 


Atrop. blood turned on. 

28 

27 

81.5 


On unpoisoned blood. 

81 

27 

80 


84 




On atrop. blood. 

87 

27 

80 


On unpoisoned blood. 

42 

27 

81 


45 

29 

29.6 


On atrop. blood. 

50 

27 

81.6 


On unpoisoned blood. 

66 

27 

27.6 


5h. 00m. 

27 

27.6 


On atrop.blood containing 0.004 : 100 oc. of blood. 

02 




On unpoisoned blood. 

Ventricle somewliat distended. 

04 

27 

54 


08 

27 

88 



10 

28 

31 

18 


20 

28 

25.5 


On atrop. blood. 

23 

28 



On unpoisoned blood. 

28 

28.6 


80 




Raised yenous pressure to 6 cm. 

83 

28 

45 


88 

28 

44 



40 




On atrop. blood. 

48 




On unpoisoned blood. 

52 

27 

43 

17.5 

On atrop. blood. 

64 




On unpoisoned blood. 

55 




Pressure vacillating between 22 and 25 mm. Hg. 

6h. 00m. 

29 

20 


02 

28 

22.5 



04 




On atrop. blood. 

06 

28 

44 


* 

08 




On unpoisoned blood. 

15 

28 

88 



18 

28 

40 



23 

28.80 

27 

85 . 


On atrop. blood. 

25 

28 

40 

17.6 

27.30 




On unpoisoned blood. 

86 

27 

48 


On atrop. blood. 

89 1 

27 

85 


41 

27 

40 

17 

On unpoisoned blood. 

44 

27 

62.6 


52 

27 

42 



7h. 04m. 

27 

40 


On atrop. blood. 

06 

27 

41 . 


00 




On normal blood. 

28 

26 

85.6 

16.6 


24 




On atrop. blood. 

28 

26 

40 


81 

20 

40 


'' 

82 

85 

44 

26 

26 

86 

81 


On unpoisoned blood. 

16.6 

Heart still working tolerably well. Ended ex- 


- 



periment. 
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The preceding experiment iholndeB twelve obeervationa on the 
action of atropizod blood on the heart. A small increase in the 
work done by the heart, dne to the action of atropia, can, I 
think, be plainly noticed, more strongly marked with the stronger 
dose of the drug. Twice, however, a marked increase in the 
diastolic expansion of the ventricle occurred after taming on 
normal blood, and a consequent increase in the work done. This 
is, I think, to be explained in this way : atropia, being a stim- 
ulant to the heart muscle, causes the ventricle to work within 
certain limits of dilatation only; it checks the full diastole. 
The drug being suddenly withdrawn, the ventricle relaxes and 
receives more blood, without, however, being rendered unable to 
pump it out in its systole. At 5h. 04m., two minutes after 
normal blood was turned on, 54 cc. were thrown over in a minute, 
this quantity goes down steadily until at 5h. 20m. it has de- 
creased to 25.5 cc. which was less than had been done at any 
previous time in the course of the experiment. At 5h. SOm. the 
venous pressure was raised, and consequently the quantity of 
blood received and pumped out by the heart increased. The 
heart then was atropinized without any marked increase in its 
work being observable. Unpoisoned blood mixture was then 
turned on, and this was followed by a considerable decrease in 
the work done until, at 6h. 02ro., only half the original quan- 
tity of blood was pumped over in each minute. Atropinized 
blood being again turned on, the heart’s work was brought up 
promptly to its former standard. This experiment shows well 
the stimulant action of atropia on the heart. When the heart 
is doing its normal work only a slight increase is observed under 
atropia. When, however, the muscular tone of the heart is 
lowered, then atropia exerts a powerful stimulating influence on 
the heart’s action. The decrease in work, noted twice daring 
the experiment after atropia was withdrawn, is probably due to 
the reaction which is apt to follow every stimulatory action on 
the tissues. 

ExFBBiMBirr YI. 

March 28, 1884. Terrapin, weight 1160 grms. Calf’s blood 
and Binger’s saline (1 : 1). Inflow cannulas in hepatic vein, 
and inferior vena cava; outflow cannulas in left aorta and pul- 
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monary artery. Yenoas preesare, 7 cm. Arterial preesare, 
80 cm. Carbolized blood contained 0.6 per cent, -of carbolic 
acid. Atropized blood contained 0.02 grm. of atropia ealpbate 
in 800 cc. of ^ the blood miztare. 


Time. 

Rate 

Work 

Temp. 

Cent. 

The olrculatlnfir liquids mentioned in this oolumn 

per 

in C. 0. 

wore supplied to the heart immediately after the 
time stated on the same line in the first oolumn. 

JE^. M. 

min. 

per min. 

4h. OOin. 




Terrapin in box. Heart supplied with the nor- 
mal blood mixture. 

Qh. 00m. 

29 

80 

21 


10 

29 

81 



16 

28 

81.6 



26 

29 

81 



85 

29 

81 



46 

28 

81.6 


* 

60 

28 

29.6 



67 

28 

80 


On carb. blood. 

Carb.blood turned off at 6h.57'30'' ; on good blood. 

68 




Heart cavities over-distended and alm^t motion- 





less. 

6h. 00m. 




Blood ceased to come over through outflow tube. 

16 

30 



Blood begins to come, drop by drop. 

20 

35 


26 

80 

85 


On atropized blood. 

27 

84 

85 


29 

34 

86 



81 




On normal blood mixture. 

86 

82 

32.6 

21 


89 

82 

37 


On atropized blood. 

42 

88 

87.6 


44 

88 

88 


On nonnal blood mixture. 

49 

85 

89 


On atropized blood. 

64 

82 

87,6 


On normal blood mixture. 

7h- 02m. 

82 

40 



06 

88 

40 


On atropized blood. 

10 

84 

37 



12 

82 

33 


Heart smaller than before; contracting more 





vigorously. 

16 

15} 

16 

82 

88 


On carb. blood. 

Oarbol. blood off and atropized blood turned on. 
Xo blood pumped out of outflow tube. Heart 
enormously distended, contractions of auricles 





scarcely perceptible, ventricular contraction 



f 


peristaltic. 

26 




No blood coming over yet. 

29 




Blood begins to drop over. 

86 

28 

26 


Auricles still abnormally distended, but growing 





smaller after each contraction. 

40 

88 

80 



43 

84 

29 


On normal blood mixture. 


84 

17 


Auricles twice as large as under atropia, ven- 





tricles smaller. 

60 

88 

16 


Auricles almost motionless. 

61 



On atropized blood. 
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Ezpbbiubnt YL — Oontinned. 


Time. 

P.M. 

Bate 

per 

min. 

Work 
in C. C. 
per min. 

Temp. 

Cent. 

The olroulatinff liaulds mentioned in this oolumn 
were supplied to the heart Immediately after the 
time stated on the same line In the first oolumn. 

7h. SSro. 

84 

31 


Auricles contract Timorously and completely at 
7h. 62' 30". 

On normal blood. 

8h. 10 

33 

34.6 


On atropized blood. 

17 

84 

80 


On normal blood mixture. 

19 

21 

84 

80 


Auricles again abnormally distended. 

Auricles still very large. 

24 

84 

81 


On atropized blood. 

80 

84 

26 


Auricles smaller on normal blood mixture. 

84 

48 

22 

19 


Irregular ventricular contractions. 

Auricles again enormously distended, irregular 

9h. 06m. 


% 

[ 


1 action of the heart, peristaltic waves passing 
in different directions. 

Condition same. Experiment ended. 


The preceding experiment shows, first, that after the heart has 
been carbolizod, atropia increases its rate and also its work; 
second, that a more rapid recovery takes place after carbolization 
when blood containing atropia snlphate is supplied than under 
normal blood mixture. The experiment is one of several which 
illustrate the same facts. 

Cov-vaUcma Majalis. 

In 1858 two alkaloids were found in this plant, and their dis- 
covery was announced by Walz {Deutsche Natwrforsch. Ver- 
scmml. Bericktey 34, pp. 175-9). One was called convallarin, 
the other convallamaiin. The former was said to act as a pur- 
gative, the latter to possess very decided action on the heart. 
The literature on the physiological effects of convallaria, as well 
as that of clinical observations, is of more recent date. The 
drug has been tested especially in Russia, whence it travelled 
westward. The principal Russian experimenters in this line are 
Troitsky Bogoiarlensky, Ysaieff, and Ealmylcoff. Their re- 
sults are mostly published in Russian, but from an extract in the 
Beoue des Sdenees med. en Frcmoe et a VBircmgery I find that a 
number of experiments on dogs and birds, as well as clinical 
observations on man, give the following results : Convallaria 
does not excite the cardiac ends of the vagus nerve, nor the 
cardiac accelerator nerves ; it stimulates the centnd inhibitory 
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appwatns and paralyzes the intra-cardiac nerve-centres. The 
results obtained in Russia all agree in this respect As regards 
arterial pressure, it rises in the beginning and falls later on; 
if the dose has boon large the fall occurs at once. 

The effects on other organs and systems do not immediately 
concern us in this connection. Stiller ( Versuche ueber Com. maj. 
Tm HerzJercmJekeiten^ Wienor med. WochenachHft, No. 44, 1882) 
publishes the results of twenty-one observations, which are in 
direct contradiction with the clinical results obtained in Russia. 
Stiller says: In 17 cases the effect produced was absolutely 
nil, there was neither modification in the rhythm of the heart, 
nor a diminution in the number of pulsations, nor an increa^ in 
their strength. In 9 out of these 17 cases digitalis was after- 
wards used with marked success. Twice convallaria produced 
diuresis without any other effect. In France one of the principal 
advocates of convallaria is Prof. S6e. His experiments with it 
have been both physiological and clinical. He states that in the 
dog, it first slows the action of the heart and increases tho blood 
pressure, respiration at the same time becoming slower and 
fuller. Toxic doses cause rapid and irregular pulsations, blood 
pressure still remaining above normal ; finally arterial pressure 
falls, the pulsations grow feeble, and death takes place through 
syncope; the ventricle is arrested in systole, the auricles in 
diastole; tho heart of the tortoise was found to possess more re- 
sistance to its action than that of other cold-blooded animals. 
He recommends convallaria, as indicated in all cases of cardiac 
disease and as counter-indicated in none. He also states that 
convallaria does not possess a cumulative action, but is very 
promptly eliminated from the system. Fillond Lavergne 
ewr h comod. maj.., etc. Paris, 1883, Thesis) from some experi- 
ments and clinical results comes essentially to the same conclu- 
sions as S4e. Nogu^s {Essai swr U oomall. majaUs, Paris, 
1888) arrives at the conclusions that the good effects of con-, 
vallaria on patients affected with heart disease are inconstant, 
and may be depended upon only in some lesions very far ad- 
vanced. Durieux disfavors convallaria {Etude eomjp. d/a m/ugued 
et de la digitcde, These de Bordeawe, 1882), concluding from 
some physiolc^cal and clinical studies that under its infiuence 
an irregular and intermittent heart' rarely recovers its normal 
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rhythra ; pulse and temperature are not modified ; the diuretic 
effect is inconstant. In every case of dropsy and oedema due to 
cardiac disease he states that the results have been unsatis- 
factory. This author very much prefers digitalis to convallaria. 
Desplats {Journal dea Sdeneea Med., Lille, 1882, Action du 
rmgnet am la coaur el aur lea reina), on the contrary, has found 
that convallaria has a decided effect upon the heart and kidneys, 
and he obtained in cases of cardiac disease in which it was ad- 
ministered, a slowing in the pulse rate, an increase in the energy 
and regularity of the heart, and an abundant diuresis. He addSj 
that if its use is continued more than eight or ten days without 
suspension, it produces a diminution in the force and energy 
of the heart. Marmd {Schmidt^a JahrMeher, Bd. CXXXIV. 
p. 166) found that convallaria kills by direct action upon the 
heart, and in moderate doses first slows and then quickens the 
pulse ; previous division of the vagi does not interfere with these 
phenomena. In America, convallaria has likewise met with 
varying success, its virtues having been expounded by Taylor 
of New York, and questioned by Eobinson of Philadelphia. 
With regard to its physiological properties, I. Ott {ArMvea 
of Med., February, 1883) concludes that it increases arterial 
tension greatly at that stage of its action in which the heart 
begins to beat more frequently ; that the subsequent decrease in 
cardiac frequency is not due to cardio-inhibitory excitation, but 
to an action on the heart itself, probably its muscular structure ; 
that the rise in arterial tension is mainly due to stimulation of 
other vaso-motor apparatus than the main vaso-inotor centre in 
the medulla oblongata. 


Exfbbihekt YI. 

February 15, 1884. Terrapin, weight 715 grms. Oalfs 
blood and Einger’s saline in equal proportions. Infiow cannu- 
las in inferior vena cava and left superior vena cava. Outflow 
cannulas in right aorta and pulmonary artery. Yenous pressure, 
4 cm. of the circulating liquid. Arterial pressure; 27 cm. Conv. 
blood contains 0.002 of convallamarin to 100 cc. of blood. 
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Time. 
P. M. 

Bate 

Work 



per 

in 0. 0. 

Temp. 


, min. 

per min. 

Cent. 


21i. 80m. 




Terrapin in box. Heart supplied with normal 





blood mixture: 

3h. 80m. 

25 

25 

19.5 


85 

25 

24 



40 

24.5 

23.5 



45 

24.5 

28.6 



60 

24 

28.5 



55 

24 

23 



4h. 00m. 

24 

22.5 


On cony, blood. 

08 

26 

26 


On normal blood mixture. 

06 

26 

25.5 



08 

26 

26 



10 

26 

25.5 



18 

25 

25.5 



14 

25 

25.5 



16 

25 

25 



18 

25 

25.5 

20 


20 

25 

25.5 



25 

26 

25 

25.5 


On cony, blood, and kept on for 8 minutes; 
then substituted by normal blood mixture. 

80 

25 

28.5 


85 

26 

28 

20 


40 

26 

25 



45 

26 

25.5 



60 

26 

26 



55 

26 

27 



5h. QOm. 

26 

27.5 

. 

On conv. blood ; kept on 6 minutes ; then nor- 




mal blood mixture turned on instef^. 

09 

27 

22.5 



10 

27 

24.5 



14 

27 

26.5 



20 

27 

28.5 



25 

27 

28 



28 

28 

27.5 



20 

29 



On cony, blood. 

85 

27 

21 


Auricles very small and contracting sluggishly. 
Left aur. pale ; right still contracting pretty well. 
Ventricle | its normal size, never fully expand- 

89 

41 

28 

29 

10 

18 

■ 


18 


ing, but actively contracting. 

48 

29 


. • 

44 




On normal blood mixture. 

50 

31 

17 



58 

84 

18.5 



55 

84 

18 



58 

84 

18.5 



6h. 00m. 

83.5 

19 



03 

84 

20 



09 

83 

21.6 

20 

Left* auricle begins to expand and look normal. 

18 

88 

22.6 


19 

88 

25.6 


28 

88 

25.5 



28 

83 

27 


Heart working with great vigor. 

88 

88 

mmm 
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Expbbiment TI. — Continued. 


Bate Work 
por in C. C*. 
min. por min. 


6 h . 85 id . 82.6 26.6 

40 82.6 26 20 

46 83 26 

46 

60 38 21.6 

62 33 18.6 

66 36 16.6 


57 36.5 0 20 

7h. 02m. 88 1.6 

06 


12 

14 

17 83 2 

20 33 2 

30 26 7.6 


46 83 9 

68 85 7 


8h. 00m. 84 6 

06 86 7 

10 38 7.6 


Time. 

.M 




bn conv. blood. 


On normal blood mixture. Entire heart much 
smaller than usual ; very pale and bloodless ; 
peculiar peristaltic but ineffectual contrac- 
tions; both auricles shrunken. 

Heart ceases to pump blood up to the outflow 
orifice ; it contains some blood which it can- 
not propel ; movements peristaltic. 

No blood comes over yet. Raised venous pres- 
sure 2.5 cm. 

Auricles slightly larger, but not working ; ven- 
tricle again actively contracting. 

Lowered venous pressure 2.5 cm. 

Ventricle making 7 to 8 contr. to one auricular. 

Left auricle and left side of ventricle bright red ; 
rest dark red and apparently shrunken and 
not working. 

Left auricle and left side of ventricle working ; 
right auricle and right portion of ventricle 
inactive and apparently beyond recovery. 


'Ended experiment. 


All the rest of the experiments made with convallamarin, 
seven in number, show when small doses are used, a primary slight 
increase in the pulse rate and a slight increase in the work done ; 
and a final arrest of both auricles and the ventricle in systole. 
Medium doses, or small doses often repeated, at first increase the 
xate, but diminish the work, and then arrest the ventricle in 
systole; the auricles, although much shrunken, being not so 
contracted as under a small dose. Large doses paralyze the 
heart in a short time, and arrest the heart at any point between 
systole and diastole. 

In order to more accurately determine the influence of con* 
Tidiamarin on the contractions of the heartiof the terrapin, the 
apparatus invented by Roy {Journal of Physiology, Y ol. I, p. 462) 
was used in a somewhat modified way.. The heart of the terrapin 
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being oonaidersbly laiger than that of the frog, a wide>ni8athed 
glass bottle was taken and its bottom ont off, a rubber cork was 
then tightly fitted in and perforated for the reception of two 
glass cannulas, one of which was introduced into the sinus, the 
other into one of the aortae ; the heart was now filled with blood 
from a Mariotte’s flask under a pressure of six cm. and 
immersed in the glass bottle which had previously been cemented 
on the brass stand and filled with blood; the base line was deter- 
mined from the lowest extremity of the tracings on the drum, 
taken under an outflow pressure of about fifteen cm., which 
was afterwards lowered to ten cm. After having run through 
normal blood for fifteen to twenty minutes and finding no leak 
and no change in the tracings, convallamarin blood was substi- 
tuted. Ont of ten experiments made in this way three only were 
sncc^fnl, on account of leakage. The tracings of one of the 
successful experiments hereto appended (FI. YU, Fig. 3) show in a 
typical manner what occurred in all the three; namely, a gradual 
diminution of the volume of the heart and a steady decrease in 
the extent of its rhythmic variations in volume, until finally the 
entire heart, including sinus, auricles and ventricle, became very 
much shrunken and was arrested in systole. In one case one of 
the auricles was distended and showed no contraction ; on further 
examination it was found filled with dark blood which could not 
escape on account of a slight twist which had occurred, prevent 
ing the free passage of blood from auricle to ventricle. 

My experiments with convallamarin, so far as the isolated heart 
of the terrapin is concerned, seem to indicate that it increases 
the pulse rate, at least for a time, and slightly increases the work 
done ; but that auricles and ventricle are arrested in systole when 
medium doses, or repeated small ones, are used. Large doses 
arrest the heart at once. The drug probably produces these 
results by a direct action on muscularsubstance of the heart. It has 
a decided cumulative action, acting more slowly than digitalis, 
and being much more persistent, after the heart is once under its 
influence. 

So far as the results of these experiments allow me to form an 
opinion, oonvaUamarin is a powerful and, under the proper dp* 
cumstances, a verjr usefril agent in the treatment of cardiac 
diseases, but it is certainly contra-indicated in advanced cases 
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in wlSioh the muscnlar structure of the heart has undergone 
d^eneration and change. The varying results which clini- 
cal observations have given is to be accounted for by the fact 
that the peculiar morbid conditions under which convallaria is 
useful are not yet thoroughly understood. Not more than one 
or two full medicinal doses should be given daily on account of 
the cumulative action of the drug. 

Before closing I desire to express my obligations to Prof. H. 
Newell Martin and Mr. H. H. Donaldson, to whose kindness 
and suggestions I am much indebted. 

EXPLANATION OP PLATE VII. 

All tracings to be read from left to right. 

Pig. 1. Tracing taken by means of mercury manometer connected 
with the cardiac end of the outflow tube, in Experiment VI. The 
portion of the tracing reproduced in the figure commences before the 
heart had fully recovered under unpoisoned blood from the effects of 
a dose of carbolic acid, and continues until the normal beat is nearly 
regained. 

Pig. 2. Prom the same experiment: shows recovery under atropin- 
ized blood from a dose of carbolic acid. * 

Pig. 3. Tracing taken with Eoy^s tonometer of the beat of the 
heart under a dose of conVallamarin. To the left the tracing is nor- 
mal ; to the right the effect of the convallamarin in decreasing or 
almost abolishing the diastole of the heart is manifest. 



THE ACTION OF INTERMITTENT FRESST7BE 
AND OF DEFIBRINATED BLOOD UPON THE 
BLOODVESSELS OF THE FROO AND THE 
TERRAPIN. By LEWIS T. STEVENS, A. B., Fellow of 
the Johns Hopkins University, and FBEDEBIO S. LEE, A. M., 
Graduate Scholar of the same. 

■I 

A change in arterial pressure, produced by a drug, may be 
the result of its action, direct or indirect, upon the heart or 
the bloodvessels, or upon both. Evidently, before the cause 
of the change can be known, the specific effect of the drug 
upon the heart and upon the bloodvessels must be determined. 
The heart must be isolated from the bloodvessels of the whole 
.body, placed under conditions which resemble, as closely as 
possible, the natural ones, and be subjected to the action of the 
drug. And, likewise, the bloodvessels must be made the single 
factor in the circulation and the effect on them be studied. 

In 1882 a method was devised in this laboratory for determin- 
ing the direct and indirect action of substances upon the blood- 
vessels of cold-blooded animals, and was used with success in a 
study of digitaline.^ This method consisted in cutting out the 
heart, and inserting cannulas into the aortic trunks and the 
venae cavae. The aortic cannulas were connected with Mariotte’s 
flasks placed at a certain height above the body of the animal, 
from which flasks liquid flowed into the arteries. This liquid, 
after completing the circulation through the capillaries and 
veins, was drained off from the venae cavae, and measured at 
definite intervals. After this venous outfiow had become con- 
stant, circulating fluid plus drug was substituted for circulating 
fluid alone, and the action of the drug on the bloodvessels was 
determined from the change which took place in the amount of 
the outflow in a iinitof time; a decreased outflow indicating 
increased resistance to the flow of the fluid through the vessels, 
s. e. a constriction of them, and an increased outflow, a dilation 
of them. 

1 Donaldsoii and Steyens, Journal of Physiology, Vol. IV, p. 165. 
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As eironlating fluid, deflbrinsted blood flrat enggeeted itself, 
but it was found impossible, for some unknown reason, to obtain 
a flow of blood through the vessels. The cause of this- was 
supposed to be a clogging of the capillaries with corpuscles. 
It was, therefore, found necessary to make use of some otiier 
liquid, and a .75 per cent, solution of sodium chloride was 
selected. The method, as it thus stood, was imperfect in several 
respects. 

1. The force driving the liquid through the vessels was a con- 
stant pressure, while normally it is an intermittent one. 

2. By watching the venous outflow, it can readily be de- 
termined whether a drug exerts a constricting or a dilating action 
upon the vessels ; but the amount of the constriction or dilation, 
and the effect upon the pressure in the arteries, cannot thus be 
determined. Suppose, for example, that the Mariotte’s flasks 
stand 12 cin. above the body of the animal, i. «., that the 
force driving the liquid through the vessels is that exerted by 
a column of salt solution 12 cm. in height; that digitaline 
be given, and the effect obtained be a reduction of the venous 
outflow from 8 cc. per minute to zero; what is to be inferred? 
The conclusion to be drawn is not that the arterioles are con- 
stricted to complete closure, but simply that the resistance 
offered by the arterioles" to the flow has been increased to such 
an extent that a force greater than that exerted by a 12 cm. 
column of salt solution is now re<^nired to .drive liquid through 
them; but whether the pressure that is requisite to force through 
8 cc. per minute will amount to 20, or even 60 cm. of salt 
solution, or whether the resistance has been increased to such an 
extent that under no pressure, not snfBcient to burst the vessels, 
can liquid be forced through, is not thus to be determined. It is, 
therefore, evident that by this method only a portion of the whole 
effect of a drug can be determined; but that this portion in- 
creases as the Mariotte’s flasks are raised higher above the animal. 
But on raising the flasks the outflow gradually increases, and . for 
constant pressures above a certain limit becomes abnormal. 
Hence, only by making the inflow fixed and independent of 
the resistance offered by the vessels, and by knowing the pressure 
which actually exists in the arteries both before and during the 
Mtion of the drug, can the whole effect of the drug on vascular 
oonstriction be determined. 
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8. As droolating fluid, a liquid was used which does not oou< 
tain nutritive material for the use of the tissues of the blood* 
vessels, but,* on the contraiy, beiqg a good solvent of certain 
varieties of albumen, rather extracts material from the tissues, 
and consequently .tends to put them in a condition which 
approaches nearer and nearer to exhaustion as the experiment 
proceeds. It is true that salt solution does keep the vessels of 
the frog and of the terrapin in a nearly normal condition for a 
couple of hours, but it is desirable that a really nutritive liquid 
be used. 

It was the object of the present investigation to correct these 
defects in the method; to substitute remittent for constant 
pressure; to so arrange the exjieriment that the whole effect of 
the drug could be accurately observed ; and to And, if possible, 
a better drculating fluid. The work led to results which were 
quite unexpected. These can be best stated under three heads; 

I. The method. 

II. The action of intermittent pressure upon the bloodvessels. 

ni. The action of defibrinated blood upon the bloodvessels. 

The Method. 

.To imitate the natural conditions as closely as possible, the 
heart of tlie animal was replaced by an instrument, which, like 
the heart, forced intermittently into the arteries, at a uniform 
rate, equal amounts of the circulating fluid. The apparatus is 
simple in principle and construction. It consists of a horizontal 
hammer-shaped brass bar about 9 inches long and so flxed that 
it can move in a vertical plane about an axis situated 3 inches 
from the end of the handle. A cross piece of soft iron is fastened 
to its middle just above the cores of a double electro-magnet 
placed vertically, but is kept off them by a spring attached to the 
handle-end of the bar. The instrument is placed between 
Mariotte’s flasks containing the circulating fluid and the blood- 
vessels of the animal, so that the rubber tubing, leading from, the 
former to the latter, comes directly under the hammer portion 
of the brass bar. The electro-magnet is placed in an electrical 
circuit with a clock, the. pendulum of which opens and closes 
the circuit r^larly and at a desired rate ; every time the dicuit 
is closed tiie bar is brought down to the elecfro-magnet, and the 
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head of the hammer compresses the rubber tubing. On eaoh 
side of the portion of tubing which passes under tlie hammer is 
placed an Ewald’s valve, ^ and these two valves are so arranged 
that the liquid, which is forced out of the tubing at eaoh 
downward stroke of the hammer, can pass in but one direction, 
into the arteries of the animal. The amount of fluid thus sent 
into the vessels by each beat of the “ artiflcial heart,” is not at all 
affected by the resistance which the bloodvessels may offer 
to its passage through them, but depends upon the amount 
of compression which the rubber tubing undergoes. This latter 
can easily be increased or diminished, and, after being once 
r^ulated, remains constant throughout the experiment. The 
•height of the bottom of the air tube of each Mariotte’s flask 
above the “artiflcial heart,” is flxed at 10 cm. The arte* 
rial pressure, which is taken from one of the smaller arteries 
and is recorded on smoked paper by means of a mercury mano* 
meter, depends upon the amount of fluid forced into the arteries 
at each beat, upon the rate at which the artificial heart is beating, 
and upon the vascular resistance. The first two factors remain 
constant throughout an experiment, the rate being in all our 
experiments 30 beats per minute, which is about the normal 
pulse rate of the frog and the terrapin at ordinary temperatures ; 
the vascular resistance 'is, therefore, the only variable factor, 
and any variation which may occur in this makes its impression 
upon the arterial pressure and is recorded. The rest of the 
method remains as it originally was. The fluid after completing 
its circulation is siphoned off from the venous sinus, or from the 
venae cavae, through one or more large cannulas. The end of the 
rubber tubing, attached to the venous cannulas, is fixed at 3 cm. 
below the level of the venous sinus, the object of this being to 
prevent the fluid from collecting in the veins and hindering free 
circulation. The outflow is collected and measured at definite 
intervals, chiefly for the purpose of detecting leaks which may 
be produced by a rapid and great rise of arterial pressure. With 
salt solution as a circulating fluid, under a high pressure, the 
amount of the outflow is somewhat diminished in consequence of 
extravasation. 

As regards the operation upon the animal, if the brain and 
' Bwald u. Eobert, Pfliiger’s Archir, Vol. XXXI, p. 160. 



ACTION OF INTERMITTENT PRESSURE. 108 

Bpinal cord are to be included in the circulation, the frog or 
terrapin is cui*arized and then bjed by making incisiouB in the 
anricleB and ventricle; the pulmonary artery is ligated; cannulaB 
are placed in the aortic trunk or trunks, and in the central end 
of one carotid artery (frog), or of one brachial (terrapin). The 
ventricle is cut away, and, in the case of the frog, a cannula iB 
insei^ted into each of the three venae cavae ; in the terrapin one 
large cannula is tied directly into the venous sinus. The animal is 
then placed in a square case; connections are made between the 
rubber tubing leading through the artificial heart from the supply* 
flasks and the aortic cannulas ; between the carotid, or bra(*hial, 
cannula and the Hg manometer ; between the venous cannulas and 
the outflow tube ; a thermometer is placed beside the animal, the 
case is covered, and the artificial heart is regulated and set to work. 
As a rule, the drum is made to revolve slowly, and a continuous 
tracing of the pressure is taken for the whole experiment. The 
effect upon the bloodvessels of a drug, or of changed conditions, 
is not studied until the pressure has become constant and the 
outflow free and steady. 

If the central nervous system is to be excluded and the direct 
effect of a substance, or of changed conditions, upon«the blood- 
vessels to be determined, the brain and spinal cord of the animal 
are destroyed, and the abdominal viscera and hind legs only are 
kept in the circulation. 

As circulating fluid, .75 per cent, sodium chloride solution 
is fltill used, for we found that neither defibrinated blood nor 
serum, even in very diluted condition, could, for reasons which 
are given under the third division of this article, be employed. 
However, with salt solution circulation can be kept up for at least 
two hours, without producing any very great changes in the 
pressure, or in the elasticity of the vessels, as shown by the 
height of the pulse curve, and probably without seriously 
afiteting their contractility. The changes in pressure and in 
the elasticity of the vessels are shown by the following table. 
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Tablk I. 

Experiment YI. Jannaiy ibth, 1884. Terrapin, weight 1000 
grammes, corarized. Duration of experiment, 2 hours 35 minutes.' 


Time. 
P. M. 

Temper- 

etureln 

decrees 

C. 

Prenure 
in braoblal 
arterj’ln 
mm.Hg. 

Height of 
. pulse 
ourve in 
mm. Hg. 


Ih. 16m. 




Terrapin in case and oiicu- 

20 


12.8 

8.2 

lation b^gun. 

2.10 

20.8 

11.0 

8.0 

.20 


9.7 

2.8 


.80 



8.0 


.40 


10.8 

8.0 


.60 

20.6 

9.7 

2.8 


8.00 


10.8 

2.8 


.10 



8.0 


.20 


9.6 

2.6 


.80 



2.6 


.40 


8.8 

2.0 


.60 


9.0 

2.1 



The tracing (Eig. 1) obtained under salt solution 
shows the pressure to be nearly uniform, marked, 
however, by slight rhythmical rises and falls; which 
changes are sometimes comparatively rapid in rate 
and considerable, sometimes slow and slight. That 
these changes are due, not to alternate constriction 
and dilation of the arterioles, but rather to rhythmical 
changes in the elasticity of the vessel-walls, is indicated 
by the fact that, as the accompanying tracing shows, 
the lower ends of the separate pulse curves remain 
always at the same distance above the base line, while 
their heights rhythmically vary. 

The Action of TntermiUmt Pressure upon the 
Bloodvessels.' 

For theoretical reasons already stated, the pressure 
existing in the arteries was changed from a constant 
to a rhythmically varying one. Our experiments 
actually show that this latter kind of pressure is not 
only desirable, but that it is necessary if the blood- 
vessels are to kept in their normal, tonic condition. 



rig.t 
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Oompariflon of oar experiments on intermittent preesnre with 
&om of a similar kind on constant pressure made daring the 
preyiohs year Donaldson and one of n^ givte indications 
of a specific action of rhythmically intermpted pressure upon 
the smaller arteries or upon arteries large and small. The fol* 
lowing Table II shows this. Unfortunately the terrapins nsed 
'yM^y thoogh of the same species, Pseudem^a rugoao^ were 
hipifW &an those used in oar experiments; but to reduce the 
d^drence which this would make in the amount of Tenons 
dntfiow, to as near zero as possible, experiments made last year 
npep the six lightest terrapins are compared with ours upon the 
six heaviest; The first division of the table contains results ob- 
bslned on curarized terrapins, when their arteries were supplied 
with liquid under constant pressure; the second division, results 
of the some kind upon curarized terrapins when liquid was sup* 
plied under an intermittent pressure;* the third division, results 
on terrapins whose brains and spinal cords were destroyed and 
to whom liquid was supplied under intermittent pressure. In 
each division the first column contains the weights of the animals 
in grammes; the second, the pressures* in the arteries at the 
commencement of the experiment, expressed in cm. of water; 
md die third, the venous outflow per minute at the same time. 

Tablk II. 


I. Templna ourarlzed. 

11. Terrapins ourarlzed. 

III. Terrapins with brain 
and spinal oord destroyed. 

Ctoutant Inflow. 

Intermittent Inflow. 

Intermittent inflow. 

II, 

Preaa're 

Outflow. 

Weight. 

Press're 

Outflow. 

Weight. 

Press’re 

Outfl'w 

liM 

12.0 

6.5oc. 

1125 

89.2 

5.400. 

1126 

25.1 

2.2oo. 


14.0 

7.8 


28.6 

2.2 

1675 

11.5 

8.0 


14.0 

4.6 

1226 

ao.i 


1560 

17.0 



14.5 


1060 

22.0 

4.1 

1196 

16.0 

6.6 



11.6 

1825 

27.S 

4.8 

1150 

16.8 

8.4 


vl7.0 

12.6 

1200 

90.8 

2.6 

... 

... 

... 


* Op. ait. 

* IV>r euf comparison, the piessuns aie given in om. HtO, instead of mm. B^. 
*These valnss given for the constant inflow do not aoouately express tim 
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The special point to be noticed in the above table is the low 
constant pressure and large outflow as compared with the high 
rhythmically varying pressure and small outflow. For ezample> 
from a terrapin weighing 1250 grammes, a venous outflow 
amounting to 7.3 cc. per minute was obtained, when the pressure 
wasconstant and amounted to 14 cm. of water; whilefrom another 
terrapin of about the same weight, an outflow of only 2.2 cc. per 
minute was obtained, when the pressure was remittent; yet 
despite this small outflow (and corresponding inflow) the pres< 
sure amounted to 28.6. cm. water. Or to state it differently, it 
required a constant pressure of only 14 cm. water to drive 
through the capillaries 7 cc. of fluid per minute, but an inter- 
mittent pressure whose mean was 29 cm. water to drive through 
but 2 cc. per minute. 

Experiments on frogs show the same peculiarity. 

Table III. 


FROGS CURABIZED. 


Constant Inflow. 

Intermittent Inflow. 

Weight. 

Pressure. 

Outflow. 

Weight. 

Mean 

Pressure. 

Outflow* 


17.0 

8.1 

145 

18.9 

4.8 



12.6, 

165 

18.4 

1.8 

375 

11.0 

7.1 

315 

11.6 

3.5 


Now the cause of this must be either physical or physiologicfd. 
If physical, then the same observation can be made on an artifl- 
cial schema. It is, of course, hardly possible that the resistance 
offered by capillaries to the flow of fluid through them, in conse- 
quence of the friction of it against their walls, can be increased 
by changing the character of the driving force ; nevertheless, to 
put aside this bare possibility, an experiment was made using a 
system of glass capillaries instead of those of the terrapin. The 
result was what was expected, namely, that for rigid capillary 

arterial pressures, since they denote in each case the difference between the level 
of the lower end of the air tube of the Mariotte’s flasks, and.of the animal. The 
actual arterial pressures were of course less than these values, but exactly how 
much less there is no means of determining. 
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walls it makes no difference in the outflow or in the pressure 
whether the driying force be constant or iuterrupted, provided 
its mean amount be4;he same. 

It would, therefore, appear that a varying driving force exerts 
a peculiar action upon the bloodvessels, in consequence of which a 
much smaller amount of liquid is needed to maintain a given 
arterial pressure, than when the force is a constant one. That 
this action is not exerted through the agency of the central nerv- 
ous system is shown by a consideration and comparison of the 
third with the flrst division of Table II. We see that when all 
vasomotor influences, originating centrally, are excluded, the 
arterioles are still able, under the stimulus of an interrupted 
force, to oppose so much resistance to the passage of the liquid as 
to keep up a comparatively high pressure in the larger trunks 
with a small supply of liquid. 

We next endeavored to determine the difference in effect, if 
any, between constant and interrupted forces upon the blood- 
vessels of the same individual. The fluid was first allowed to 
flow into the vessels from Mariotte’s flasks, and the outflow per 
minute and the constant pressure in the arteries were determined. 
Then, by the turning of two stopcocks, the inflow was changed 
from a steady to a remittent one, and the outflow and pressure 
measured under this change of conditions. Such experiments 
have been made only on terrapins, but we feel justified, after 
having obtained- the results given in Table III, to apply the 
conclusions drawn from the terrapin experiments to frogs also. 

The following table gives the details of one of such experi- 
ments. 

Table IV. 


Experiment III. April 29, 1884. Terrapin, weight 1400 
grammes. Brain and spinal cord destroyed. Duration of 
experiment, 2 hours 46 minutes. 


Time* 

P.M. 

Artert'l 

Pressure 

in^m. 

Venous 
Outflow 
In 00. 
per mlD. 


iah.20m. 



Terrapin in case. 


19.4 


Constant pressure from 12.80 to 1.80 P. M. 

10 

10.1 



IS 

10.9 



90 

10.8 

8.6 


96 

10.8 

4.8 
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Time. 

P.M. 

Arterial 
Prem're 
in mm. 
Hg. 

Venous 
Outflow 
in 00. 
per min. 

■ 

1.80 

10.8 

6.6 

Remittent pressure from 1.80 to 1.62. 

86 

18.8 

8.7 


40 

16.6 

.8.2 


46 

18.4 

8.7 


60 

21.6 

8.6 

Constant pressure from 1.62 to 2.40. 

66 

12.6 

2.2 


2.00 

12.4 

1.1 


05 

11.8 

.6 


10 

11.9 

.6 


16 

11.5 

.7 


20 

10.8 

2.6 


26 

10.6 

4.8 


80 

10.6 

6.1 


85 

10.6 

6.2 


40 

10.6 

7.1 

Remittent pressure from 2.40 to 8.06. 

46 

11.0 

8.1 


50 

11.4 

8.2 


66 

18.0 

8.4 


8.00 

14.4 

8.6 


06 

16.0 

8.8 

Experiment ended. 


In this experiment when the force which drives the fluid 
through the animal is constant, an inflow (equal to outflow) of 
5.6 cc. per minute is needed to keep up an arterial pressure of 
10.8 mm. Hg. If this force be now made intermittent, a much 
higher pressure, about 19 mm. Hg, can be maintained with 
even a smaller supply of liquid, namely, 8.5 cc. per minute. 
This is the result that is invariably obtained when an interrupted 
instead of a constant force is employed, a great increase of arterial 
pressure with the same or even a smaller supply of circulating 
fluid ; and this result clearly points to a specific action of the 
intermittent force on the bloodvessels, very probably on the mus- 
cular arterioles especially, in consequence of which increased 
resistance is offered to the flow of circulating fluid. The phe- 
nomenon observed in changing back from an intermittent to a 
constant pressure also points directly to the existence of a con- 
stricting actioq by the former. The constant force (represented 
by a column of salt solution equal in height to the difference in 
level of the lower end of the air tube in the Mariotte’s flarits 
and of the animal) is not great enough to overcome the increased 
resistance, and as a result the inflow stops, the outflow falls 
rapidly to zero, and only after the arterioles have slowly relaxed 
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is the constant force great enough to overcome the resistance and 
oircnlation is resumed. 

From the results of special experiments also, we are led to the 
conclusion, that a rhythmieaUy interrupted force^ applied to the 
Uoodoeaade of the frog and the terrapin, through the medium of 
a oirotdcdmg fluid, exerte a epeoUd action upon them, in eonee- 
quonce of which a constriction of them, takes piaoe; this constric- 
tion, Jmoeoer, prchahiy neoer exceeds that amownt, which one caUs 
normal and tonic. 

The Action of Deflhrinated Blood upon the Bloodmessds. 

Defibrin ated blood is an undesirable liquid for artificial circu- 
lation, because with it it is impossible to obtain a uniform pres- 
sure and outflow. If a uniform pressure and outflow be obtained 
with salt solution, and then whipped blood be allowed to enter the 
vessels, the pressure rises very rapidly to an amount at least 
twice, generally three or four times, the pressure under salt solu- 
tion ; and the amount of outflow falls rapidly towards zero. To 
bring about such results a surprisingly small amount of blood is 
needed, namely, for the frog or the terrapin, 15 to 30 cc. That 
this change is not caused by a clogging of the capillaries with 
corpuscles is indicated by the rapidity with which the change is 
produced, and is proved by the fact that blood diluted ten or 
more times with salt solution, or oven greatly diluted serum, has 
the same effect as undiluted blood. These statemtots are con- 
firmed by the two tables which follow. Table Y shows the effect 
upon the terrapin’s blood-pressure of both defibrinated blood and 
serum taken from an animal of a different species ; Table YT 
the effect of terrapin’s blood and serum upon a terrapin’s arterial 
pressure. From these two tables, and others which follow, the 
measurements of the outflow are omitted, because not so definite 
conclusions can be drawn as to the action of a substance upon 
the vessels from the changes in outflow as from the changes in 
pressure. In every case serum was obtained by allowing blood 
to clot and to stand. 
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Table V. 

Experiment II. December 20, 1883. Terrapin, weight 860 
grammes. Curarized. Circulating liquids, .75 per cent. KaClsoln- 
tion, defibrinated dog’s blood, and dog’s serum (obtained from 
clot upon 3 hours standing). Duration of experiment, 3 hours 
20 minutes. 


Time. 

P.M. 

Temp, 
in deff. 
0. 

Height 
of pulse 
curve In 

Arterial 
Presfi’re 
in mm. 



mm. Hg 

Hg. 

* 

Ih. OOm. 



m 

Terrapin in case, and circulation of salt solu- 
tion begun. 

25 




80 

20.1 

3.7 

KVil 


35 


8.3 



40 


8.6 

14.0 


45 


2.7 

15.5 

Diluted blood on (1 part blood to 5 parts salt 





solution). Blood reached vessels at 1.46}. 

49 


8.0 

25.5 

Blood off, 15 cc. having been run through ; 




salt solution on. 

51 


3.5 

54.5 


54 


8.4 

41.6 


57 


8.4 

44.6 


2.00 


2.5 

85.5 


05 


1.8 

25.0 


15 

ESO 


21.5 


25 



18.0 

At 2.27 diluted serum on (1 part serum to 5 
parts salt solution). At 2.28} serum first 





reached the bloodvessels. 

80 


1.6 

24>5 


88 


2.5 

85.5 

Serum off, 80 cc. having been run through ; 





salt solution on. 

36 


8.4 

47.0 


40 


2.0 

34.0 


50 



27.5 


8.00 

20.5 

■19 

26.5 


10 


2.0 

18.0 

Diluted blood on (1 part blood to 10 parts salt 





• solution). 

18 



19.0 

At 8.11} blood reached vessels. 

19 


WSEm 

25.5 


22 


n 

26.5 

At 8.21 blood off, 50 cc. having been run 
through ; salt solution on. 

25 


1.4 

24.0 

85 


1.6 

18.5 


45 

.20.6 

1.9’ 

. 17.0 

Diluted serum on (1 part serum to 10, paii»i 




salt solution). 

48 


1.9 

17.5 

At 8.46} serum reached vessels. 

51 


mmm 

25.0 

54 


■!■ 

27.0 


57 


.8 

81.0 


4.06 



88.0 

At 4.08 serum off, 90 co. having been run 
through ; salt solution on. Slight oedema. 

10 



81.0 

migjiii 


.9 

22.0 

Experiment ended. 
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Tablb VI. 

Experiment V. January 9, 1884. Terrapin, weight 65S 
grammes. Cnrarized. Circulating liquid, terrapin’s serum, al- 
kaline. Duration of experiment, 2 hours 36 minutes. 


Time. 

P. M. 

Tempera- 
ture In 
deg. C. ■ 

Height of 
pulse 
curve in 
mm. Hg. 

Arterial 
pressure 
lu mm. 
Hg. 


8h. 20m. 




Terrapin in case, and circulation of salt 

85 

19.5 

2.8 


solution begun. 

55 


2.2 



4.05 


2.1 

33.8 

At 4.07 dilute serum on (1 part serum to 




• i 

1 part salt sol.) 

10 


1.9 

22.5 

At 4.11 serum reached bloodvessels. 

18 


3.3 

40.0 

Serum off, 12 cc. having been run through ; 





salt solution on. 

16 


2.0 

46.7 


19 


2.7 

62.7 


22 


2.7 

63.7 


25 


2.5 

65.5 


28 


2.0 

61.0 


40 


1.5 

38.2 


50 

19.6 

1.8 

81.2 


5.00 


1.1 

24.0 

At 5.01 dilute serum on (1 part serum to 





5 parts salt solution). 

04 


1.0 

23.8 

At 5.06 serum reached vessels. 

07 


Kin 

31.0 


10 


nn 

39.0 

Serum off, 20 co. having been run through ; 





salt solution on. 

15 

20.0 

1.9 

83.5 


25 


1.4 

26.0 


85 


1.1 

23.0 

At 5.38 dilute serum on (1 part serum to 





10 parts salt solution). 

40 


1.2 

23.8 


44 



25.0 

At 5.43 serum reached vessels. 

47 


1.8 

28.6 


50 


1.6 

82.5 


58 


1.4 

32.2 

• 

56 


1.6 

82.2 

Serum off, 35 cc. having been run through ; 





experiment ended. 


We conclude from these and other similar experiments that 
defibrinated blood and serum constrict the bloodvessels — ^proba- 
bly, the arterioles — and thus raise pressure in the arteries. Blood 
and serum appear also to decrease the elastic extensibility of the 
vessel walls, as is seen from the height of the pnlso curve, which 
gradually decreases throughout the experiment (see especially 
Table V) ; this decrease in elasticity as a result of the action of 
defibrinated blood will be found more prominent when we come 
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to compare the effects of norm^ nnclotted blood with those of 
defibrinated blood. Salt solntion similarly, bat not so rapidly, 
diminishes the elasticity. That the above results ore not dne to 
any action of the main nerve centres is shown by the following 
table, which gives the details of an experiment upon a terrapin 
whose brain and spinal cord had been destroyed. 


Tablb VII. 

Experiment XXIII. March 13, 1884. Terrapin, weight 1200 
grammes. Brain and spinal cord destroyed. Circulating liquid, 
terrapin’s serum. Duration of experiment, 57 minutes. 


Time. 
A. M. 

Tempera- 
ture in 
deg. 0. 

Height of 
pulse 
ourve in 
mm. Hg. 

Arterial 
pressure 
ID mtn. 
Hg. 


llh.a'Sm. 

18.4 



Terrapin in case, and circulation of salt 
solution begun. 

81 


2.7 

27.4 

84 


3.0 

28.0 


87 


2.8 

29.4 


40 


8.0 

27.0 


48 


8.9 

29.6 

Dilute serum on (1 part serum to 2 parts 





salt solution). 

46 


8.0 

27.6 

Serum reached vessels. 

49 


4.0 

42.6 


62 


8.2 

44.2 

Serum off, 20 cc. having been run through; 





salt solution on. 

66 


2.6 

42.1 


66 

18.8 

2.6 

80.4 


P. M. 
12.02 


2.1 

26.2 

Experiment ended. 


As far as we knowa direct constricting action has never before 
been claimed for defibrinated blood or serum, although several 
ob^vers have noticed a rise of pressure or a decrease in outfiow 
when these liquids were used for artificial circulation. Mosso,^ 
in the account of his plethysmographio work upon the kidney, 
describee the outflow as great when the circulation of defibrinated 
blood b^ns, but falling in a few minutes to a small fraction of 
its original amount, and ascribes the phenomenon to a change 
in the elasticity of the vessel walls, without attempting to explain 

* Mnsao, Von einigen neuen Eigenaohatten der Qefasswaod, Ludwig’s Atbeitsn, 
VoL IX, 1874, p. IDS. 
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the bharaoter of the change. Bernstein* observed a similar 
decrease in outflow in artiflcial circulation of deflbrinated 
blood through the dog’s leg, and is inclined to believe in a 
contraction of the muscles of the vessel walls as one of its causes. 
Ludwig and Schmidt,* in their paper on the gaseous exchange in 
resting and working dog’s muscle, through'which blood was kept 
circulating for hours, make the following statement: **Ein 
Dmck von bestimmter Hohe (40 bis 60 mm. Hg) der in den 
ersten 30 bis 60 Minuten ein bestimmtes Yolum Bint in der 
Zeiteinheit durch den Muskel treibt, muss in der dritten nnd 
vierten Stunde des Yersnches oft verdoppelt werden (100 bis 
160 mm. Eg), wenn er auch jetzt die ursprungliche Menge von 
Bint durchfhhren sollte” — an observation which points directly 
to an active constricting action of deflbrinated dog’s blood. 
Cohnheim* in recommending the transfusion of blood into an 
artery instead of a vein, states that it is “ impossible to inject the 
deflbrinated blood into the peripheral end of the artery, because 
the peripheral arterial branches constrict against the foreign 
blood with such energy that it requires considerable force to 
overcome the resistance, a force sufficient to burst the arterial 
walls ; but such a great resistance is not met if the blood be in- 
jected into the central end,” for the simple reason, we think, 
that the same amount of deflbrinated blood is quickly distributed 
over, a greater vascular area. E5hler * also makes the same state- 
ment. Finally, Worm-Muller* observed that the immediate 
effect of injecting 40 cc. of deflbrinated dog’s blood into a d(g 
is a rise of pressure ; no doubt, a result of injecting into the jugu- 
lar vein. This initial rise is followed by a second rise, which, 
however, is very irregular in appearance, and varies from 1 
to 4 cm. Hg. He simply states that the second rise appears 
nearly every time, but does not attempt to explain it. It can 
hardly be an effect of the increase in the volume of blood due to 
the injection. 

' Bematein, Venmche znr Innervation der Blutgefasae, Pfliiger’s Arohiv, Vol. 
XY, im, p. 676. 

*Iaidwig n. Sohmldt, Dm Verhalten der Omo, welche mit dem Blut den 
reiibaten SaugethiermnSkel stromen. Beriobte der kon. eSohe. Gee. d. Wise. 
1868, p.M. 

*OohnliBim, AUgemeine Fethologie. 

/Kohler, neberThtomboeen. Trsnafoeion, eto., Dorpat, 1876. 

' Worm-Mtiller, Aib. ans d. phyttfol. Anetalt an Leipzig, VIII, p. 168. 
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Now the question comes up for consideration — what is it in 
the whipped blood which produces the marked effect which We 
have observed ? Blood in the condition in which it exists in the 
vessels of the living body can not have such a constricting action 
upon the vessels, or circulation would be impossible. We have 
attempted to prove by experiment the truth of this d jpriori 
statement and to show that '‘living” blood is neutral to the 
vessels. On account of the rapidity with which degenerative 
changes follow tlie drawing of blood, experimenting with “ liv- 
ing” blood is an exceedingly difficult matter. We have em- 
ployed two different methods of work. The first was to draw the 
blood from one terrapin directly into a funnel from which a short 
inflow tube ran to the artificial heart and thence into the body of 
the terrapin whose bloodvessels were to be experimented upon, 
the object being to so hasten the introduction of the blood into 
the vessels that not sufficient time should elapse for the d^enera- 
tion to set in. But this method proved quite unsatisfactory, for 
very soon after the blood had passed into the terrapin, the supply 
in the funnel would b^n to clot. The results of the single 
experiment performed in this way, though not at all definite, are 
nevertheless instructive. The blood for the first six minutes pro- 
duced no practical change in pressure ; after this time the pres- 
sure went up, not suddenly, as it does with defibrinated blood, 
but gradually. 

The second method connsted in retarding the appearance 
of the degenerative changes by cooling the blood ; but before this 
method could be used, the effect of heat and cold upon the blood- 
vessels had first to be determined. In the experiments on this 
point, heated salt solution was run through, then cold salt solution, 
and this was repeated several times, while a continuous tracing 
of pressure was taken throughout the whole experiment The 
range in the temperature of the liquid just before it entered the 
vessels of the animal was in one oxperiment'7.4** to 20.8° 0., in 
another 11.8° to 40° 0. ; but the highest extreme was, of course, 
somewhat lowered by the time the finid reached the arterioles; 
the actual variations of temperature must, however, have been 
sufficient to affect the vessels, if they were capable of being 
affected by heat and cold. It is hardly necessary to give a 
table showing the results of such an experiment; it is suffi- 
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oient to simply state that the arterial pressure is not at all affected 
by such changes of temperature, apart from that small change 
produced by a slight alteration in the elasticity of the vessels, 
the individual pulsecurves being highe|r for heated than for 
cold salt solution. To return to the blood experiments. The 
method of procedure was as follows: A terrapin was prepared 
in the usual way for an experiment, and the dronlation of salt 
solution carried on until the pressure and the outflow had each 
become uniform. Another terrapin was then bled directly into 
a funnel surrounded by ice, and from this, as in the first method, 
a short inflow-tube ran through the artificial heart to the pre- 
pared animal. 

The following table gives the results of such an experiment. 


Tablk VIII. 

Experiment XXXVIII. May 12th, 1884. Terrapin, weight 
1245 grammes. Brain and spinal cord destroyed. Duration of 
experiment, 1 hour 54 minutes. 


Time. 
A. M. 

Temper- 
ature in 
deff.C. 

Helffht 
of pulse 
ourve in 
mm. Hff. 

Arterial 
press'ro 
in mm. 
Hff. 


llh.46m. 




Terrapin in case, and circulation of salt solu- 





tion begun. 

57 



12.0 


12 M. 



11.6 


P. M. 





.08 


1.2 



06 

mmm 

1.8 

KiVi fl 


09 


2.2 



12 


2.5 

11.8 

Unclotted terrapin’s blood on. 

15 



14.4 


18 


8.8 

14.4 


21 


2.4 

18.4 


24 


8.1 

12.5 

Blood off, 65 cc. having been run through; 





salt solution on. 

27 


4.5 

18.4 


80 


8.2 

12.8 


88 


4.1 

18.0 


86 



12.6 


89 


4.2 



42 


4.8 


From 12.24 to 1.06 marked rhythmic vari- 





ations in height of pulse. 

45 


4.8 



48 


4.2 



51 


8.9 











L. T. 8TEVENB AND F. & LEE. 


116 


Time 

P.M. 

Temper- 
ature in 
degr. 0. 

Height 
of Pulse 
curve In 
mm. Hg.- 

Arterial 
Fress're 
in mm. 
Hg. 


12.64 


4.6 

18.7 


67 


4.1 

18.8 


1.00 


4.8 

13.5 


03 


5.0 

14.0 


06 


6.1 

16.0 

- 

09 


8.6 

14.7 

Defibrinated terrapin’s blood on. 

12 


1.4 

11.6 


15 


1.2 

12.1 

At 1.14 blood off, 40 cc. having been run 





through ; salt solution on. 

18 


1.1 

28.1 


21 


2.1 

22.1 

Pressure irregular. 

24 


3.1 

21.7 


27 

20.6 

2.6 

16.6 


30 


2.0 

12.0 


88 


1.8 

11.8 


36 


2.0 

12.2 


39 


1.8 

11.4 

Experiment ended. 


Althotigh the normal nnclotted blood was allowed to circulate 
through the vessels for 12 minutes, yet no effect was produced 
beyond an increase in the height of the pulse-curve and a con- 
sequent slight rise of mean pressure. We may, therefore, conclude 
that normal living” blood tends to put the vessels into their 
normal condition of elasticity and tonicity, but exerts no effect 
beyond this. The action, of defibrinated blood on the elasticity 
of the vessels is also clearly shown by this experiment. Circula* 
tion of normal blood for 12 minutes is sufScient to put the 
arterioles in a healthy condition; the height o^ the pulsecurve 
is increased to 4 or 5 mm. Hg, and remains at that height during 
the succeeding circulation of salt solution. If defibrinated blood 
be now turned on, the pressure rises to 23 mm. Hg, and the 
height of the pulse-curve falls rapidly from 5 to about 2 mm. 
Hg. It would have been interesting to have hindered the de- 
structive changes in the blood by peptone and then to have 
determined the effect of peptonized blood, but a lack of terrapins 
prevented our using the peptone we had prepared for this 
purpose. 

We are now forced back to our original question — what is it 
in whipped blood which produces the effects we have observed t 
Since normal “ living” blood does not cause them, we must b^eve 
that the active agent is something not present in “ living ” blood!| 
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bat existing in defibrinated blood; and oar attention was im- 
mediately directed to those sabstantes which are set fireo before 
and daring the process of coagnlationi By the breaking down 
of the colorless corpnscles, paraglobnlin and fibrin ferment are 
formed. Daring coagulation, the fibrinogen normally present in 
the blood, and possibly some of the paraglobnlin, disappear. The 
‘fibrinogen breaks down, yielding fibrin and, according to Hammar- 
sten* and Howell,* a certain other albnminoas snbstance. Defi- 
brinated blood contains this latter substance, a greater amount 
of paraglobnlin than is 'present in ‘‘living” blood, and finally 
fibrin ferment. The comparatively little known albuminoas 
substance produced by the decomposition of the fibrinogen may 
be left out of consideration, for we have fonnd that plasma 
which has stood for several hours surrounded by ice, will, at the 
end of that time, though unclotted, afiect the bloodvessels simi- 
larly to defibrinated blood and serum. The cold has pre- 
sumably not entirely prevented the dissolution of the color- 
less corpuscles, although it has prevented coagulation. Para- 
globulin is normally present in the blood in considerable quan- 
tities, and it is very improbable that the slight increase in its 
amount, caused by the destruction of the colorless corpnscles, would 
change the blood from a neutral liquid to one powerfully active 
as -regards vascular contraction. Fibrin ferment is then the 
ohly known substance left to be considered. Experiments 
with it were performed upon terrapins with terrapin’s fibrin 
ferment. Solutions of the ferment were obtained by allow- 
ing terrapin’s defibrinated blood, or serum, to stand under 
20 times its volume of 90 per cent, alcohol for 4 weeks, daring 
which time the fiask containing the mixture was well shaken 
daily, and the alcohol renewed weekly. At the end of this time 
the precipitate was collected on a filter, dried over sulphuric 
add, and ground to a powder. A solution was made by allow- 
ing the powder to stand under distilled water over night. In 
this way a ferment solution was obtained, which on boiling be-, 
came not at all, or but slightly, turbid, was perfectly neutral in 
reaction, and possessed very active fermentative powers. To 
this solution enough common salt was added to make it a 0.75 per 

iBamnianten, Fflttger's Andiiv. XXX,p. 487. 

*How8Q, Stndiesftom Biol. Lab., J. H. U. Ybl. in, p. 68. 
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cent Balt Bolntion. When this was^oirenlated through a terrapin, ^ 
a-oonetriction of the veBsels, equal in amount to that produced 
by defibrinated blood, was effected, as evidenced by the following 
table. Ferment solution No. 1 was obtained from terrapin’s 
serum. It was perfectly colorless, neutral in reaction, and on 
boiling gave the slightest trace of a turbidity. Ferment solution 
No. 2 was obtained from terrapin’^ blood, was sUgbtly brown in 
color, perfectly neutral, and on boiling gave not the slightest 
trace of a precipitate. 

Tablb IX. 

Experiment XXIX. April 24, 18^. Terrapin, weight 1116 
grammes. ' Brain and spinal cord destroyed. Duration of exper- 
iment, 1 hour 21 minutes. 


Time. 
A. M. 

Tempera- 
ture in 
dev* C. 

Arterial 
preas're 
In mm. 
Hff. 


Ilh.l6in. 



Terrapin in case, and circulation of salt solution began. 

80 


16.0 


88 


18.7 


86 


16.7 


89 


15.4 


42 


16.2 

Ferment solution No. 2 on. 

45 


17.7 


48 

20.3 

46.3 

At 11.47 ferment solution Off, 80 cc. haying been 




run through ; salt solution on. 

51 


41.2 


54 


88.7 


57 


81.5 


12 M. 


27.0 


P. M. 




08 


24.0 


06 


19.8 


00 


19.7 


12 


19.2 

Ferment solution No 1 on. 

15 


26.0 


18 


85.8 


21 


27.0 

At 12.19 ferment solution off, salt solution on. 

24 


25.8 


27 


19.7 


80 

20.1 

20.2 


88 


21.8 


86 

■ 

10.8 

Experiment ended. 


From the results of this and of pther experiments, we con- 
clude fibrin fermeni is the aoUve mbatanoe m d^fibrinatlki 

blood whioh imma the oonatrietion q/’ ^ oHeridlea. 
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\ It now remains for us to sti^® the conclusions which we deduce 
ih>m our work upon blood. . 

1. Normal living” blood puts the vessels into thefr tonic con- 
dition, but exerts no effect beyond this. 

2. Defibrinated blopd powerfully constricts the vessels, and 
also appears to diminish their elasticity. 

8. ^e chief, if not the only, constituent of defibrinated blood 
which exerts this infiuence is fibrin ferment. 

4. Changes of temperature of the circulating liquid exert no 
infiuence upon the vessels, beyond a slight change in their coefS- 
cient of elasticity. , 

This article is now issued as the result of the joint labors of its 
two authors. The work is obviously incomplete in several re- 
spects; the effect of periodic variations of rhythm having dif- 
ferent rates needs examination ; and also the effect upon the 
elastic coefficient of isolated bloodvessels of the different liquids 
used for circulation in the experiments described above. It 
seemed, nevertheless, desirable to publish the results obtained up 
to the present, because, on account of the intended absence of 
one of the writers from Baltimore during the coming year, the 
continuation of the investigation cannot be a conjoint labor. 

We desire here to express to Professor H. Newell Martin our 
sincere thanks for his kindness and his many suggestions to ns. 




THE CRANIAL MUSCLES OF AMIA CALYA (L)» 
WITH A CONSIDERATION OF THE RELA- 
TIONS OF THE POST-OCCIFITAL AND HYPO- 
GLOSSAL NERVES IN THE VARIOUS VERTE- 
BRATE GROUPS. By J. PLAYFAIB MoMUBBIOH, 
M. A., Instructor in Osteology and Mammalian Anatomy in the 
Johns Hopkins University, Baltimore, Md. 

The position intermediate between the more typical Ganoids 
and the Teledstei, usually assigned to Arrda^ suggested the desira- 
bility of investigating the relations of its cranial musculature, 
my expectations being that some important facts bearing on the 
origin of the comparatively specialized muscles of the Teleosts 
would thereby be brought to light. The results have amply 
fulfilled the expectations, Amm presenting a most interesting 
intermediate arrangement between that seen in Adpmser and 
that of a typical Teleost. The second portion of this paper, 
dealing with the distribution of the three nerves passing out 
from between tlie partially aborted vertebrae which lie immedi- 
ately behind the true occipital region, and with the question as 
to their homologues in other vertebrate groups, will, it is hoped, 
aid materially in clearing up their true relationships. 

For the greater portion of the material upon which I worked, 
consisting of three admirably preserved alcoholic specimens, I 
am indebted to Professor B. G. Wilder of Cornell University, 
who generously and with his characteristic disinterestedness 
placed them at my disposal. I desire here to express my most 
sincere thanks, both to him and to Professor Gage, for the 
assistance thus aftbrded. 


Past I. 

THE CRANIAL MUSCULATURE. 

It will be convenient, on account of the intimatf relations 
between some of the muscles which have quite distinct functions 
in higher forms, to consider the cranial muscles according to 
their nervous supply. 
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A.— The Trigmmal Muades. 

The Addmtor mand4I»Ra3 is a large strong muscle, consisting 
of two almost distinct parts. The first, largest, and most super- 
ficial of these (PI. X, Fig. 1, AM*) arises from under surface of 
the lateral portions of the postfrontal* and parietal above, and 
from the preoperculum, hyomandibular and quadrate behind 
and below. It is covered in front and above by the large 
postorbital, and traversing it from its anterior edge on a level 
with the eye downwards and backwards, is the JR. mf. max. 
TrigeaUm. Its fibres are directed downwards and forwards, 
converging towards the mandible, and are inserted into its 
coronoid process and the adjacent parts, and into Meckel’s 
cartilage. 

On removing this superficial portion the second (Fig. 1, AM*) 
is exposed. It arises from the hyomandibular and quadrate, 
but mainly from the metapterygoid and the surface of a dense 
membrane stretched between the hyomandibular and meta- 
pterygoid. Its fibres also converge forwards and down- 
wards, and unite to a broad tendon, which, diminishing in size, 
and receiving a tendon from two portions of the Lev. arc. pal., is 
inserted into the inner surface of the mandible, ^. e. into the 
articulare. 

The Zemtor arcAa pcdatini consists of several portions, certain 
of them bearing very little resemblance to any of the parts which 
can be referred to that muscle in Teleosts hitherto investigated. 
One portion is, however, comparable to the muscle recognized by 
that name in Amvama* for instance, although even here a slight 
expansion of the designation is necessary. This part (Fig. 1, 
LAP*) arises from the postfrontal and epiotic, together with the 
under surface of the membrane bones a^ve them, and from the 
prootic region. Its anterior fibres are directed downwards to be 
inserted into the anterior edge of the metapterygoid, eurving 
round somewhat to reach its anterior surface, while the more 

> In designatiiig the bones I have employed the terms used by Bridge in his 
paper entitl^ The Cranial Osteology of Atnia Cahm, Jonr. of Anat. and Phys., 
Vol. XI. 

' J. Playfair MoMm^h. The Myology of Amiarus Oaius. Proceedings of 
Canadian Inst. Toronto. Vol. II, 1884. 
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posterior fibres are inserted into its npper border, and those lying 
most posteriorly are directed backwards, passing under the npper 
extremity of the preopercnlnm so as to be inserted into the 
operculum, thus fulfilling the function of the separate DUatator 
operouU of the Teleostei. 

The second portion (LAP*) lies behind this, and in reality 
behind the plane of the metapterygoid. It is a thick, stout 
muscle, arising from the prootic and postfrontal r^ons, and at 
first passing almost directly forwards, but on reaching the level 
of the anterior border of the metapterygoid it turns downwards, 
and, becoming tendinous, unites with the broad tendon of the 
second portion of the Add. mand. What may be termed the 
third portion (LAP*) is really a division of the second, a sepa> 
ration of them above being impossible. Certain of the fibres 
which arise from the postfrontal almost immediately separate 
themselvm fh)m the remainder of the muscle, and, passing down- 
wards and slightly forwards, are inserted into the inner surface of 
superficial portion of the Add. mand. where it passes behind the 
coronoid process of the mandible. 

The fourth portion (LAP*) arises in front of the eye from the 
prefrontal region. It forms a round belly, contracting below 
into a long, narrow tendon which unites with that of the second 
portion, and fuses with it, with the broad tendon of the deeper 
portion of the Add. mand. • 

The fifth’portion (LAP*) seems to have little connection with 
the other parts of the muscle, and perhaps ought not strictly to 
be included as one of its parts, but, since it belongs to the group 
supplied by the Trigeminus, it seems most convenient to describe 
it here. It arises from the palatine bone, forming at once a 
stout, round belly, which is continued forwards and slightly 
upwards to be connected anteriorly Mrith a small fibro-cartilaginous 
nodule lying to the outside of the olfactory chamber, and 
connected on its part with the premaxillary r^on. 

The action of the first portion of the muscle is very evident, 
it being ^e true levator of the palatine arch, but also the 
dilatator of the operculum, as already mentioned. 7^e second, 
third and fourth portions are diverted from their relations to the 
palatine arch, and act as assistants to the Add. mand., while as 
to the fifth portion it is difficult to say what its true functions 
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are, but apparently it has been specialized in some connection 
witii the olfactoiy organ. 

The distrUyution of t?i6 Trigeminus to these muscles takes 
place in the following way. It will be necessary to state, howeyer, 
before entering on the description, that I have not studied in 
detail the peripheral nervous system, but only, as a rule, so far 
as it bore upon the innervation of the muscles. Yan Wijhe has 
given an account^ of the main branches of the. various cranial 
nerves, but has not followed them out to their ultimate distri- 
bution in most instances, and Sagemehl* has also given adescription 
of their mode of exit, and to a certain extent of their proximal 
portions. The descriptions given below will serve, 4iherefore, in 
some cases to supplement hie observations. The B. huooaUsy B. 
max. sup. and B. max. inf. (Fig. 4) leave the cranium by the same 
foramen, separate ones existing for the B. Cfph. sfup. and B. otityus. 
Before dividing into the Br. sup., and inf. max., and hucoaUs, 
the trunk gives off a branch from its posterior surface, which 
shortly divides, one branch (a) passing to the anterior portion of 
the first division of the Lev. arc. pal., the other {]>) passing behind 
that muscle, runs backwards, and probably supplies its posterior 
fibres as well as those of the second division, though 1 was not 
able to ascertain this positively. After the division of the main 
trunk from the anteriorsurface of the B. max. inf. a branch (c) 
is given* off, which passes downwards and forwards to end in the 
fifth portion of Lev. arc. pal., giving off as it goes a branch to the 
fourth portion. A little below this, a branch (d) is given off to 
the Add. mand., and then the nerve {irf. max.) penetrates that 
muscle, giving off as it does so a cutaneous branch («) which passes 
directly downward, immediately beneath the integument, and 
curves around the mandible. 

On comparing these muscles with these of Aeipenser, the only 
other Ganoid of whose muscles I find a description,* the large 
size of the Add. mand. is at once very noticeable ; but here one 

' Van Wijhe, Ueber die Vieeeralekelet u. d. Nerven dee Eqpfee der Ganoiden 
und von Ceratodue. Niederl. ArohiT, Bd. V. 

’Sagemehl, BeUr. zurvergl. Anat. der Fieehe. Th. I. Motph. Jahrb. Bd. 
IX, 1888. 

‘Vetter. Untera. eur vergl. Awd. der Kimnen- und Kief er-XuaeukUur der 
Fieehe. II Theil. Jen. Zeit. Bd. XII, 1878. This paper treats of Ohimara 
Aeijpeneer, and certain Teleostei. 
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mnst consider, from comparison with the Selachians* and 
Chima/ra, and, on the other hand, with the Teleostei, that in 
this respect Amia more clearly resembles the original type tban 
does Aoi^maer. The division of the muscle in Anda is, how- 
ever, a commencement of the specialization into several parts 
seen in Teleostei, and which is carried to its greatest d^ree in the 
Cyprinoids. Into the muscle in these forms, however, probably 
other elemebts 6nter, as will be seen below. 

With r^ard to the Lev. arc. pal., the relation of its second, 
third and fourth positions^ to the Add. mand. is at first some- 
what confusing, and it is difficult to see what are the exact 
relationship! of these muscles. To consider first the second and 
third portions. These from their origin are apparently equivalent 
to the muscle in Adfmser, termed by Vetter the Protractor 
hyomandibularis, but their insertion is somewhat different. 
There the Protr. hyomand. is inserted into the hyomandibular, 
here the muscles come into connection with the Add. mand. 
Both mnscles are supplied by the Trigeminus, and by a branch 
from the yet undivided trunk of that nerve. The difference in the 
palatopterygoid arches in the two forms must also have had an 
effect in producing changes in the muscles. I am inclined, 
however, to consider the arrangement in Adpens&r secondary, 
and to go further back in tracing the changes which have been 
undergone by this muscle. Vetter’s homology of the Protr. 
hyoman. with the muscle he terms Lev. maxill. sup. in the 
Elasmobranchs, is evidently a quite correct one. Here we have a 
muscle whose origin is similar to that of the second and third 
portion of the Lev. arc. pal. of Amia, and which is inserted into 
the Palatopterygoid arch, and moreover comes into somewhat 
intimate relation with the Add. mand. An increase of these 
relations and the development of a metapterygoid would bring 
about exactly the arrangement one sees in Amia. A question 
arises, however, as to what becomes of these muscles in the 
Teleostei. I have already hinted above that the Add. mand. of 
Arnm is not quite comparable to that of the Teleostei, but in the 
latter other parte become added to the originally simpler muscle. 

* Vetter. Untera, z\vr vergl, AnaU der Kiemen- und Kiefer-Muaculatw der 
IHaehe. I Th. Jen. Zeit. Bd. XIII, 1874. Treats of the Selachians. 
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I believe that these parts represent the second and third portion 
of the Lev. arc. pal. In Amia there is no slip from the Add. 
mand. piissing to the maxilla, such as one sees in CyprimUi 
Baalym and Perea, ^ and probably most other Teleosts, but a 
ligament extends to about the middle of the 'inner surface of that 
bone from the coronoid process of the mandible. When the 
mandible is depressed the coronoid is thrown forward, and by the 
dackening of the ligament thus produced the maxilla is allowed 
to move forwards, being again drawn back parallel to the axis of 
the body when the mandible is raised by the Add. mand. At its 
origin from the coronoid this ligament is in relation to the third 
portion of the Lev. arc. pal., and one can readily imagine the 
insertion of that muscle changing so as to unite wi& the 
ligament. At the same time, however, the muscle would require 
to lose its connection with the second portion of the levator and 
to unite with the fibres of the superficial portion of the Add. 
mand. The more superficial situation of this muscle when com- 
pared with the second portion, in addition to its insertion, would 
lead it to associate rather with the superficial than the deeper 
portion of the Add. mand. On the other hand, the second 
portion of the levator probably unites with the deeper portion 
of the Add. mand., its extension backward behind the first portion 
of the levator first disappearing, and then its connection with 
the cranium. Whether these two muscles have the destiny here 
assigned to them can only be determined by investigating inter- 
mediate conditions. These relations would, however, stand in 
confirmation of the statement already made in qonnection with 
the simplified Add. mand. of Amivrus, that this simplicity and 
that of Psox was in reality secondary, the more complicated 
arrangement of Cypnmta, 'ior instance, being earlier. 

The fourth portion of the Lev. arc. pal. is probably identical 
with the Levator anguli oris of Chimaera, and with the parts in 
the Selachians trova which this has arisen. It is apparently 
wanting entirely in Ae^enser. The fifth portion, however, may 
be compared with the anterior portion of the constrictor of 
Ao^ena^, although with considerable reticence on account of 

' Descriptions of the musculature of these forms, and of Ftox, will be found in 
Vetter’s paper, Theil II, above referred to, and of Amiurus in mj paper on 
that fish. 
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the uncertainty which exists in regard to the innervation of that 
muscle. It would, perhaps, be better to refer it to the same 
group of muscles as the fourth portion. 

The first portion of the levator is very evidently comparable 
to the Lev. arc. pal. and Dilatator«operculi of the Teleostei, and 
the relation of its posterior fibres to the operculum proves con* 
clusively the supposition made by myself from the study of 
Armwrm, and by Vetter from that of other forms, i. e. that the 
dilatator of the operculum has been specialized secondarily 
from the Lev. arc. pal. To the homologies which Vetter draws 
between the Lev. arc. paL of Teleosts and the Protractor 
hyomand. and Lev. max. sup. of Aoijfenser and the Selachians, 
respectively, I am compelled to take exception. Since these 
muscles have been shown to be equivalent to the 2d and 3d 
portions of the levator of Amia, we must have in the Lev. arc. 
pal. and in that of the Teleosts a muscle which is not represented 
in any forme below Amda which have as yet been studied, and 
which must be regarded as a specialization of a certain portion 
of the Add. mand. of such a form as Aoijpenaer or a Selachian. 
For the same reason, then, the homology of the Add. mand. of 
the Elasmobranchs or of Aoipmser with that of the Teleostei, 
or even with that of Amia, is not quite accurate, for it is 
equivalent to that of the latter the first portion of the Lev. 
arc. pal., and the muscle of the Teleosts is equivalent to the 
Add. mand. and Lev. max. sup. of the Selachians mmua some 
fibres of the former which correspond to Lev. arc. pal. and Dil. op. 

B. — The Facial Muidet. 

The Adductor hyomomddyularia forms a broad, but short 
muscle, extending from the auditory region of the skull, i. e. 
from the prootic and opisthotic regions, to the metapterygoid, 
hyoitiandibnlar and operculum, into the inner surfaces of 
which bones it is inserted, and, accordingly, this muscle might 
with equal propriety be termed the Adductor archs palatini, 
since it is equivalent both to that muscle and to the Add. 
hyomandibnlaris, and also to the Add. operculi of Teleosteans. 
It is also evidently equivalent to the Betractor hyomand. and to 
the opercularis of Ao^>en8er. It is to be noticed, however, that 
this latter muscle is of much greater extent in Aoipetuor than in 
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Aima^ due, of course, to the rudimentaiy condition of the 
operculum in the former, and it is also to be noted that in the 
Teleostei- those fibres which are inserted into the upper border 
of the hone become separated from those inserted into the inner 
surface as a distinct muscle, *the Lev. operc., so that the muscle 
of Anda is equivalent to this as well as to the other three 
Teleostean muscles already mentioned. 

The facial nerve (Fig. 5) after issuing from the skull passes 
downwards and backwards to penetrate the byomandibular 
as in the Teleostei, but in its course gives off only one branch, 
the £. opereularia (ROp), as it may be termed, which supplies 
the muscle just considered. In Teleostei, two branches or more 
are given off, the B. ad. mme. add. are. pal. and the B. opere., 
the former of which, as its name indicates, passes forward to the 
Add. arc. pal., and the latter backwards to the Add. operc., while, 
according to Tetter, other branches are given off for the Add. 
hyomand. In Teleosts, however, the facial nerve passes either 
between the Add. arc. pal. and the Add. hyomand., or even 
traverses the latter, so that a considerable portion of muscle lies 
in fi^nt of the nerve, for which a special branch (or branches) 
has become specialized ; but in Amia the entire muscle, with the 
exception of a very small portion anteriorly which overlaps, lies 
behind the nerve. Fulictionally, then, this B. operevlwria must 
be considered equivalent to all the branches given off in higher 
form from. the facial in its course from the cranium to the 
byomandibular canal. 

The IntermandiMaria (Fig. 2, IM) is reduced to a very 
small portion indeed, lying close to the symphysis of the 
mandible, its fibres extending transversely across between the 
two rami. It corresponds, in the absence of a median aponeurosis, 
exactly with the muscle of that name in the Teleostei, and there 
are no reasons for disputing its homology with the mylohyoideus 
(Os,) of Acipemer. It should, probably, as the sequel will show, 
have been described with the trigeminal muscles, but has been 
placed in the facial group in order that its innervation might 
be discussed along with that of the geniohyoid. 

The Oeniohyoid (Figs. 1 and 2, GH) arises posteriorly from 
the outer surface of the ceratohyal, as far back asl^e level of the 
eighth branchiost^al ray. The outer fibres run almost directiy 
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forwards, parallel to the ramus of the mandible, and are inserted 
anteriorly into the integument forming the floor of the month ; 
the innermost flbres, however, curve inwards in front, and are 
inserted into a median aponeurosis common to it and to its 
fellow of the opposite side. In addition to this portion there is 
anteriorly a portion (Fig. 2, GH*) which might almost be 
described as a reduplication of the inner flbres of the muscle 
upon themselves. This portion, which lies snperflcially to the 
rest of the muscle, and which is covered by the lai^e in tegumental 
ossiflcation lying behind the symphysis of the mandible (Fig. 1, 
Men), is a continuation forwards of the inner flbre of the muscles 
into a superficial layer, which is partly separated from the lower 
fibres, and which, extending forwards and slightly outwards, is 
inserted into the ramus of the mandible behind the attachment 
of the intermandibularis. The superficial portions of either side 
are in rather intimate relation. The resemblance to the Genio- 
hyoid of Eaoas is very marked. 

The JSyohyoideus (Figs. 1 and 2, HH) arises on either side 
from the ceratohyal and anterior branchiostegal rays below the 
origin of the geniohyoid. Each muscle passes forwards and 
inwards. The outermost fibres converge to a strong tendon 
inserted into the cartilaginous part of the hypohyal, while the 
inner ones pass across the middle line, those of the right side 
overlapping, i. e. passing dorsally to, those of the left, and are 
lost in the fascia covering the muscle and the hypohyals of the 
opposite side. Behind the point of origin given above, fibres of 
the muscle can, however, be seen passing backwards over the 
proximal extremities of the anterior branchiostegal rays to the 
lower edge of the ceratohyals. The muscle accordingly, like the 
geniohyoid, bears much resemblance to that of Esox^ while it 
differs somewhat from that seen in Perea and that of Amiurua. 
In the latter more especially the muscle is simpler, but this sim- 
plicity must be considered a secondary acquisition, and not a 
representation of the earlier condition. A point in which the 
Teleostei differ from Amia. is in the relation of the muscle to the 
. branchiost^al rays. In the Teleosts the muscle extends back 
as far as the operculum or suboperculum, either forming a 
continuous sheet on the inner surface of the rays (EaotB), or 
else passing from the lower border of one ray to the upper border 
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of the next sncceediog {Andurua). In Anda we have a faint 
trace of a commencing differentiation of this portion of the 
muscle, seen in mnscnlar bands, consisting of few fibres, which 
mn in the branchiost^al membrane, extending ont from the 
lower border of the ceratohyal, and quite distinct from the main 
portion of the muscle. These bands do not show any definite 
relation to the number of the rays, but one band may extend 
over a length occupied by the articulations of several of them, 
evidently showing that the continuous arrangement seen in Esoa 
must be considered the earlier one. 

I regret that 1 have not been able to determine accurately the 
innervation of certain of th^e muscles, but the probable inner- 
vation can be deduced from the arrangement of the nerves. It 
will be necessary to describe the arrangement of the trigeminal 
and facial nerves. The trigeminal (Fig. 4), after perforating 
the Add. mand. in the manner above described, runs along in the 
substance of that muscle until the termination of its insertion 
comparatively far forwards into Meckel’s cartilage, giving off 
during its course one branch upwards and another downwards. 
The membrane bones of the mandible require to be cut away to 
expose the muscle and nerve in this region. Opposite the anterior 
end of the insertion of the muscle, where the nerve leaves it, a 
branch (f) is given off,' which, passing through a foramen in the 
mandible, is distributed to the integument and to the anterior 
superficial portion of the geniohyoid muscle. The Inf. moat, 
trig, is then continued forward in the substance of the dentary, 
B. mand. foe. east. (Fac) uniting with it. I was unable to 
trace the united nerve quite to its termination, but followed it to 
within a short distance of thd symphysis. 

. The facial (Fig. 5) after leaving the hyomandibular canal, 
divides into two branches, the B. mand^uUms (BM), and the 
B. hyoideua (RHy). I could detect no twigs passing to the Add. 
mand. as Yetter describes in Msox. The B. mamd. soon divides 
into two branches, the external (RM£) and internal (RMI); 
the latter I did not succeed in following any further than 
Yan Wijhe has done. The B. mand. east, however passes down 
behind the ligament uniting the interopercnlum with the 
mandible, and then curves forwards round its lower border and 
enters the mandible more anteriorly, running between the inner 
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lamella of the dentary and Meckel’s cartilage, and finally in a 
canal in the dentary, eventnally uniting -with the B. mf. max. 
trig, as above described. The B. hyoidma after its origin 
passes backwards and downwards across the hyomandibnlar, 
below the preopercnlum, and then mns in the branchiostegal 
membrane between the bases of the rays and the ceratohyal, 
passing into the hyohyoideus, which it supplies. 

The innervation of the hyohyoideus corresponds exactly with 
what has been observed for various Teleostei. I believe that the 
hyoid branch of the facial, in addition to supplying this 
muscle, also sends branches to the posterior portion of the 
geniohyoid, so that this muscle receives branches from both the 
trigeminal and the facial. Yetter describes the anterior portion 
of the muscle as being innervated by a branch from the con- 
joined trigeminus and facial, and behind by a branch from the 
B. hyoideua faeiaUa. When we consider that the union of 
the two nerves is delayed in Anda until they have passed 
comparatively far forwards, we will have an explanation of the 
trigeminus only contributing to the anterior innervation. The 
branch which that nerve gives off before the union is apparently 
quite equivalent in its point of exit and distribution to the branch 
from the conjoined nerves in the Teleosts, and perhaps even in 
these forms the fibres which pass into the conjoined trunk from 
the facial do not take part in the formation of the branch to the 
muscle. That, however, can only be determined by observation 
of the effect produced by stimulation of the facial branch before 
its union with the trigeminus, and indeed this physiological 
method might with much advantage be put in practice for 
determining the innervation of muscles when fresh specimens 
are available. The intermandibnlaris may perhaps be inner- 
vated by a branch given ofi' quite close to the symphysis from 
the conjoined nerves, or else by a twig fivm the branch of the 
trigeminus which supplies the anterior portion of the geniohyoid. 
I prefer the latter idea, for although the former one would make 
the innervation occur from a branch in which both the trigemi- 
nus and the facial were united, yet in no fish, not even in 
Elasmobranchs, do I find any nerve described as issuing 
anteriorly to that which supplies the anterior part of the 
geniohyoid, and in the Teleosts Yetter has described a branch 
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from this nerve a& innervating the intermandibnlaris. If tliis 
be the correct innervation, then the intermand. ia reallj a. 
trigeminal miiBcle, corresponding to the anterior portion of the 
constrictor of Elasmobranchs which is supplied by the trigeminus. 
Its probable relation to the mylohyoid (Cs,) of Aevpenaer is also 
much in favor of this view, that muscle being innervated by the 
trigeminus. I am therefore, in view of these considerations, 
strongly inclined to withdraw the observations I made on the 
development and equivalency of the intermand. in my paper on 
Amiurtia, and to apply them to a certain extent to the genio- 
hyoid ; for this muscle from its innervation by the trigeminus, 
and also probably by the facial, in addition to its very evident 
relation to the hyohyoideus, which is essentially a hyoidean 
muscle, evidently corresponds to or is made up of a portion of 
the anterior portion of the constrictor supplied by the trigemi- 
nus, and the posterior portion supplied by the facial. 

C. — Muscles supplied hy the Qlossopharyngeus omd Vagiis. 

1. YentraZ Muscles. 

The Inierarcuales ventrales (Fig. 3, lav,), to adopt the name 
applied by Yetter to similar muscles in Adpms&r^ present a 
slightly more complicated arrangement than in that form, being 
for the most part double, i. e. two mu^les to each arch. The 
muscle of the first arch (lav,*') arises from the posterior surface 
of the hypohyal,‘ and passing backwards and outwards is 
inserted into the lower extremity of the hypobranchial of the 
first arch, the second portion (lav,'’), arising from the posterior 
border of the hypobranchial of its arch, being inserted into the 
corresponding ceratobranchial. The interarcuales of the second 
arch (lav,) arise respectively from the posterior extremity of the 
•anterior cartilaginous portion of the first basibranchial and from 
the posterior border of the HBr„ and both portions, passing out- 
wards, aro inserted into the lower extremity of CBr,. So with 
the third arch (lav,), one portion arising from the posterior end 
of the osseous BBr, (which probably should more properly be 
termed BBr, as desi^ated in the figure), and the other from 

' In speaking at the bones of the branchial and hyoid arches 1 have employed 
the terms employed by van Wijhe in the paper already referred to. 
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the posterior edge of the HBr^ both being inserted into the 
extremity of the OBri; and so also with the fourth ardi 
(IaT 4 ), (van Wijhe’s posterior cartilaginous BBr^, being probably 
more correctly described as the BBr,). . With the fifth arch, 
however, there is a difference, its interarcual (lav,) having 
shifted its position very remarkably, so that it arises from the 
anterior extremity of what I have called the BBr„ and passes 
thence backwards, crossing the interarcnales of the fourth ardi 
and part of the anteribr transversus ventralis anterior, and, 
becoming tendinous, is inserted into the anterior border of the 
single bone of the fifth arch, which probably represents the- 
ceratobranchial. 

The innervation of these muscles presents little of any great 
importance, the first being supplied by branches from the glos- 
sopharyngeal, and the others from the vagus of their respective 
arches. The fifth arch, however, presents some peculiarities, and 
apparently the vagus trunk to the third arch supplies the muscle 
which passes to it. On some grounds one would have expected 
for it an innervation from the vagus branch to the fifth arch, 
but on the other hand its relation to the third arch would render 
probable what does occur. 

In Aeipenaer these muscles are all quite simple, so that Amia 
presents an increased specialization, which is carried still farther 
intheTeleosts,oneof the portions of each muscle of becom- 
ing probably converted into the Obliques ventralis seen in these 
higher forms. The true interarcual of the fifth arch, as will be 
seen below, probably becomes converted into the transversus 
ventr. posterior, the arch being thus left destitute of an inter- 
arcual, which, however, is supplied it by the third arch, the 
muscles of the fourth arch being specialized in another direction, 
so that the muscle has in reality passed backwards, instead 
of going forwards as one might at ^t suppose. 

The Tranaverai vmtralea are two in number, as in most higher 
forms. The anterior muscle (Fig. 3, Tva) arises from the fourth 
hypobr. principally, its posterior fibres being inclined backwards 
so as to arise from the fifth arch, the muscle being thus broader 
behind than in front It passes across the middle line, and ia 
inserted into the corresponding parts of the opposite side. The 
posterior muscle (Tvp), on the other hand, is entirely confined 
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to the fifth arch, ariBing fiom the greater part of the posterior 
edge and surface of the single bone representing that arch, and 
passing across to the arch of the opposite side, an indication of 
a median raphe being present 

The Trans, vent ant. is supplied bj the tranks of the yagas 
for the fourth arch of either side ; the posterior, by those of the 
fifth arch. 

^ There can be no doubt that these muscles consisted originally 
of two distinct muscles, which have fused together so as to form an 
unbroken sheet across the middle lina Their innervation by 
the tranks of both sides shows this. In Acvpenaer there is no 
Transv. ant., and the post, is in that form very plainly the inter- 
arcaalis of the fifth arch. So, too, it must be regarded here, it 
having the position occupied by the interarcuales of the preced- 
ing arches. The Transv. ant. seems to be, however, a specialization 
of the interarcuales of the fourth arch, both from its origin and 
innervation. 

2. Dorsal nvuadea. 

The Lemtorea arouvm iranehiaUttm ext. arise as two muscles 
immediately internal to the origin of the Add. hyomand. The 
anterior one is the smaller, and passing outwards and slightly 
backwards, is inserted^ear the distal extremity of the epibranchM 
of tiiefirst arch. The posterior muscle lies immediately behind this 
and has a similar direction, but soon splits up into three divisions, 
passing respectively to the epibr. of the second and third arches, 
and to the single bone (pharyngobranchial f) of the upper moiel^ 
of the fourth arch, a few fibres from this being continued 
towards the degenerated fifth arch. 

The anterior muscle is supplied by a branch from the Trunette 
branch. ghaec^Aaryngei, and to each of the three divisions of the 
posterior musde a branch passes from the corresponding Tr. 
branch, vagi. In A oipena&r the Lev. branch, are more numerous, 
there being altogether five, according to Y etter, and in the Teleosts 
they are also more numerous, seven altogether being present in 
Amvwrua, three of which, however, are to be referred to the group 
presently to be described. It is also to be noticed that in 
many of the musdes arise from the terminal pieces of the arches, 
whereas in Amla and the Teleosts th^ allarise from the skull. It 
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would seem as if thoBO muscles were analogous to the interarc. 
vent., but have subsequently lost their relation to the arches as 
far' as their origins are concerned, and have been transferred to 
the skull. 

The Lev. are. hrmck. vat. consists of two muscles, the anterior 
of which is the smaller, and lies on the inner side of the anterior 
Lev. arc. branch, ext. It is, however, directed downwards and 
inwards, and is inserted into the pharyngobranchial of the second 
arch, being supplied by a twig from the Trwao. hranoh. gloaao- 
jphavyngei. The posterior muscle arises close beside the anterior, 
and is directed, somewhat backwards as well as downwards and 
inwards, passing between the first and second branchial trunks of 
the vagus, and is inserted into the upper surface of the Os 
phaiyngeum sup. formed on the pharyngobranchials of the third 
and fourth arches. It is apparently supplied by a twig from the 
B. branch, vagi II. These muscles are evidently quite com- 
parable to those described under the same name by Tetter in 
Perea, only differing slightly from those of Cyprimua. The 
innervation is apparently different, but I cannot speak with 
absolute certainty as to the correctness of that given above for 
Aiaia. 

The Trcmaveraua doraoMa is simply a continuation forwards of 
the constrictor muscles which surround the pharynx, and accord- 
ingly is probably innervated by a branch for the phiayngeal 
nerves of the vagus. 

D. — MviaeUa avppUed ly thefrat apmal nerve. 

The hyopectoraUa (stemo-hyoid) arises from the upper surface 
of the ventral portion of both clavicles, the portions of opposite 
sides being united, but indicated by a longitudinal groove along the 
middlelineofthemnscle,andbyamedian aponeurosis. Anteriorly 
the two portions separate, each passing into a rounded tendon 
which is inserted into the posterior surface of the hypohyal of the 
corresponding side. To the si4es of the muscle of each side are 
attached the two flagMa, the anterior one being bound down 
tQ the integument, while the posterior one is movable by the 
contraction of the muscle. Between the two portions of either 
side is a vertical median aponeurosis, into which fibres from both 
sides are inserted. From this aponeurosis, which is most marked 
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bdiind and towards the upper (dorsal) surface, a tendon passes 
forwards and upwards, dividing into two portions, each of which 
passes to a hypobranchial of the second arch. 

This mnscle is supplied by a branch from the first spinal 
nerve.^ Leaving the spinal column in front of a partially 
aborted vertebrae, the first spinal nerve passes downwards, 
uniting with a small nerve which passes out of the ex-occipital 
behind the vagus foramen, and which arises by a single (ventral) 
root. The conjoined branch then passes downwards in front of 
the pectoral arch, immediately below the membrane which extends 
from the fifth arch to the pectoral girdle. On nearing the 
hyopectoralis it divides, one branch passing into the posterior 
portion of the mnscle ; the other, continuing on the course of the 
main branch, runs forwards in the substance of the muscle. 

There can be no doubt as to the comparability of this muscle 
with the coracoarcualis of Aetpenser, which again is comparable 
to the coracoarcualis and the coracobranchialeB and coraco- 
hyoidens of the Elasmobranchs, the mode of the transition being 
as indicated by Tetter. The slips to the branchial arches form- 
ing the coracobranchiales of the Elasmobranchs gradually 
become non-muscular and represented only by tendons as seen 
in Aeipenser^ going to the hyoid and three anterior branchial 
arches. The reduction then affects these, which become reduced 
to a single pair, those of the second arch, which are in relation 
to the muscle immediately to be described, and, finally, this pair 
also disappears, and we have the arrangement characteristic of 
the Teleostei.. With the disappearance of the coracobranchiales 
the relative stoutness of the coraco-arcnalis, of which the coraco- 
hyoideus is merely the anterior portion, increases. 

The BramM(Hrnandihularia (Figs. 2 and 3, BrM) arises by 
two heads from the mandible on either side of the symphysis 
above, i. e. dorsal to, the point of insertion of the intermandi- 
bnlaris. The two portions unite very soon, and pass, backwards 
dorsal to the median aponeurosis of the geniohyoideus, and 
ventral to the symphysis of the bypohyals, becoming at this point 
somewhat tendinous. It then passes doisally (upwards) between 

'This nerre is referred to in the second portion of this paper as the second 
postHXioipital herre, but there is no doubt but that it' is a true qtinal nerve. 
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the two tendons of the hyopectoralis. It then again divides into 
two portions, each of which passes a little outwards, to be inserted 
resftectively into two tendons which pass from the median 
aponeurosis of the hyopectoralis to the second branchial arches. 
This muscle will evidently, the mandible being fixed, assist in 
depressing the branchial arches; or if the arches are fixed, will 
assist in depressing the mandible. 

The innervation of this muscle,! regret to say, 1 was unable to 
trace out. I feel quite confident, however, that it is supplied by 
the first spinal nerve. The anterior branch of that nerve, m 
described above, enters the substance of hyopectoralis and passes 
forwards. I was able to trace it for a considerable distance 
during which it passed in towards the middle line of the muscle, 
and 1 have no doubt that still more anteriorly it passed over to the 
branchio-mandibularis. The relationship of this muscle to the 
hyopectoralis, which is even more apparent in lower forms, would 
lead one to expect the same innervation. Vetter, too, was unable 
to trace its innervation in Acipenser^ and Stannins,' according 
to the same author, does not mention it. The coraco-mandibu* 
laris of the Elasmobranchs is supplied by the anterior spinal 
nerves, and this muscle is quite comparable in its relations to the 
branchio-mandibularis. 

In the Teleosts we find no trace of this mnscle, and Amia is 
probably the last piscine form which presents it, as one ascends 
the scale. It is foun d, however, in the lower forms, as in Adjpmaer, 
where it is somewhat better developed, and difiers from that of 
Anda in allowing the tendon from the hyopectoralis to pass 
through it, and in being inserted directly into the hypobranchials 
of the thwd arch. In Elasmobranchs it is clearly an anterior con- 
tinuation of the coraco-arcualis, named by Vetter the coraco-man- 
dibularis, and is in these forms a large stout muscle. It must be 
noticed in thisc onnection, that in all forms below the Teleosts 
there is a continuous sheet of longitudinal muscles extending 
from the mandible to the trunk, and belonging to the system of 
the tmp^ musculature. In the Teleosts, however, these longi- 
tudinal muscles do not extend any farther forwards than the 

> StannioB. Dot periphmnaehe Nervenaystm der Fkehe, Boetook, 1848. 
This paper I was not able to consult. 
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hyoid. In my paper on the mnscnlatnre of Atmmrua I 
sn^^ted that in primordial forms there was a continnons sheet 
of this kind. If this be so, it has disappeared entirely in the 
r^on occupied by the mandibular, hyoid and branchial arches, 
and in its stead the ventral musculature of the trunk has grown 
forwards. This is possible. The hyobranchialis of Amimm 
must not, at any rate, be considered as representing the ventral 
longitudinal musculature of the hyoid and branchial arches, for 
the longitudinal direction of its fibres is very evidently, from com- 
parison with such forms as Amia and Adpenaer, a secondary 
affair. 

The phar^ngo-da/dcula/rea ext. and int. (Fig. 3, Phc 1 and 2) 
arise close together, in fact as one muscle, from the clavicula oh 
the outer side of the hyopectoralis. As they pass inwards and 
forwards the two muscles separate, the eztemus passing to the 
single bone representing the fifth arch, being inserted at about 
the inner third of the bone ; the internns passing more inwards, 
is inserted into the same bone towards its inner end and partly 
into the basibranchial, which succeeds the fifth arch (BBr 5), 
termed the basibr. iii by van Wijhe, but which should perhaps be 
called the basi]^r. v. 

These muscles are innervated by branches from the first spinal 
nerve, just before the main branch as above described passes into 
the substance of the hyopectoralis. These muscles resemble 
very closely those of Teleosts, with which they are homologous. 
In Adpenser they are apparently wanting, but in Elasmobranchs 
Vetter describes a muscle, the fifth coraco-branchialis of 
AeamiMaa, and the seventh coraco-branchialis of HepiomehiSf 
which is very similaa in its relations, and the pharyngo-clav. of 
higher forms may very probably be a specialization of it. 


1. The protractor hyomandibnlaris of Adpenser and Lev. 
max. sup. of the Elasmobranchs are represented by a < series of 
muscles, which may be considered pa^ of the Lev. arc. pal. 
system, but which do not correspond with the Lev. arc. pal. of 
Teleosts, becoming in these forms reduced, and uniting with the 
Add. mand. 
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2. The Lev. arc. pal. of the Teleosts is seen, from what occnrs 
in Am/ia^ to be a new stmctnre not represented in lower forms, 
and separated off from the Add. mand. 

3. There' is no distinct Dil. operc., but the posterior fibres of 
the Ley. arc. pal. proper have assumed an oblique direction and 
perform its functions. 

4. The intermandibularis and anterior portion of the geniohyoid 
are supplied by a branch from the fifth nerve before the union 
^th it of the seventh. 

5. The coraco-branchiales of the Elasmobranchs, which are 
represented in Adpemer by tendinous slips to the branchial 
arches, are reduced in Amia to a single pair of tendons passing ' 
to the second arch. 

6. A branchio-mandibnlaris is present. 

Pabt II. 

THE RELATIONSHIPS OF THE POST-OCOIPITAL 
AND HYPOGLOSSAL NERVES. 

The basioccipital of Amia u produced backwards some 
distance behind the level of the plane of the pqpterior surface 
of the cranium, and on the posterior portion of this prolongation 
are to be seen the rudiments of two neural arches. Behind the 
opening for the vagus, there passes out through the exoccipital a 
fine nerve, which arises by a single root ; and in front of each 
neural arch are two foramina, which give passage to a dorsal 
and ventral root respectively of a nerve. The anterior fine nerve 
unites, after passing down a short distance, with the second, the 
two then passing down on the membrane at the back of the 
pharynx ; the conjoined trunk dividing, one branch passes to the 
posterior portion of the hyopectoralis, while the other is continued 
forwards, supplying the pharyngo-clavicnlares and eventually 
probably the branchio>mandibulms. The third nerve passes 
downwards and backwards below the pectoral arch, and unites 
with what may for convenience be called the first spinal nerve, 
which is. distributed, with four other nerves, to the pectoral fin 
muscles. 

The partial fusion of the vertebrae corresponding to these 
nerves with the skull in Anda has led Sagemehl to formulate 
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a theory,* ae follows : ‘‘Der Umstand dass dem Ocdpitale basilare 
diskrete obere Bogen anftitzen, zwischen welchen nach dem 
Typns der Spinalnerven gebante Nerven aostreten, ist far die 
Beurtheilnng der Schadel der hOheren Fische von fundamentaler 
Bedeataog and lasst keine andere Dentong za, als dass mit dem 
ursprunglichen Frimordialcraninm, das wir bei Selachiem am 
Tollkommensten ansgebildet finden, noch mehrereWirbel sammt 
den zu ihnen gehorigen Nerven verschmolzen sind.” Such a 
theory can only be accepted when more facts are bronght 
to bear favorably upon it, and such facts can only be 
obtained by a study of the various parts in relation to these 
post>oocipital nerves and vertebrae, and from the embryological 
history of the basioccipital region, etc., in the higher fishes. 
This last part of the subject I have been unfortunately unable so 
far to investigate, but a study of adult forms leads me to doubt 
the absolute correctness of the theory. To determine its accuracy 
it is necessaiy first of all to see whether in the Teleosts any trace 
of these vertebrae and their parts which are supposed to be taken 
up into the skull is to be found. From a study of the crania of the 
Gharacinidse’ Sagemehl believes the parts to be represented by the 
auditory boney in part, the nerves having for the most part disap- 
peared, or more in detail, the first nerve of Amia (passing out of 
the exoccipital) has disappeared; the second is represented by a 
nerve passing out of the exoccipital in the Oharacinidse behind 
the vagus, the osseous bar fused with the exoccipital being 
equivalent to its' neural arch; while the third nerve has dis- 
appeared, but its arch is represented by the claustrum. One 
cannot avoid noticing the enormous changes undergone in the 
parts in these higher forms, nor is it easy to believe that the 
identifications are correct in the absence of intermediate 
conditions. Gan such intermediate conditions be found? 
Sagemehl states that discrete occipital arches are to be found in 
Eiox, Salmonidse, and Glupeidee, and if this be the case we 
certainly have structures which appear to be intermediate, and 
in fact there is no reason why the rudimentary arches present in 

' Sagemehl. Beitr. zwr vergl. Anat. der JFiaehe. L Das Cranium von Amia 
Oaitoa L. Morph. Jahrb. Bd. IX, 1888. 

^ ’SagemehL Beitr, zur vergl. AwU. der Fiaehe, Th. HI. Das Cranium diV 
Charaeiniden, eto. Morph. Jahrb. Bd X, Heft 1, 1884. 
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AnUa should not persist in the lower Teleosts. The identifi- 
cation of the clanstrum with one of these arches is very tempting, 
and not improbable, though the interpretation given by Ramsay 
Wright,* that it represents an intercalar ossicle similar to what 
GlStte has described as occurring in Eaox, is perhaps to be 
preferred, in view of the probable presence of other intercalar 
arches in Amvu/ma. But, even if Sagemehl’s views on these 
subjects are correct, we see the occipital neural arches in such 
highly organized Teleosts as Ammrus^ the Characinidse, etc., 
remaining free, and mt fusing with the skull. 

More information is, however, to be obtained from the nerves 
— structures which usually retain their original relations longer 
than the bones. It was seen above that the distribution of the 
two anterior post-occipital nerves of Amia was to the hyopectoral, 
phaiyngo-claviculares and branchio-mandibnlaris. In all Tele- 
osts hitherto examined, the hyopectoral and phamyngo-clavi- 
cnlares are innervated by the first spinal nerve, while the last 
named muscle is unrepresented. From this, one would conclude 
that the first and second post-occipital nerves had either become 
converted into the first spinal nerve, or had fused with the third 
post-occipital to form the first spinal. This third post-occipital was 
seen to unite with the first 'true spinal to pass ft> the pectoral 
fin musculature, and the first spinal nerve of the Teleosts also 
takes part in the formation of the brachial plexus. It is evident, 
therefore, that the first spinal nerve of the Teleosts has usurped 
the functions of the post-occipital nerves of Amda in addition to 
retaining its own, or, in other words, the post-occipital nerves 
have in the Teleosts passed backwards and become incorporated 
with the first spinal. Whether the first nerve passes backwards 
with the other two is doubtful, in fact improbable, and 1 am 
inclined to agree with Sagemehl with regard to it that it has 
become absorbed. It is different from the two posterior nerves, 
both in its origin from a single ventral root, and in passing out 
through the exocdpital, two points in which it resembles vagus 
roots; and perhaps it is not to be conipared to a spinal nerve 
(using the term in a restricted sense), but to one or more of the 

'Bsnuaf Wright. On the Nervoua Syetem mi Seaee-organa of Amiwnte, 
Ptoo. of Can. Inst., Toronto, Vol. 11, 1884. 
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independent vagoB branches shown by <}egenbaiu^ to para out 
from the cranium of Elasmobrandis behind the foramen for the 
vagus proper. An interesting confirmation of the supposed fate 
of the two posterior nerves, and of the degeneration of the first 
nerve, is to be found in what occurs in Oadus, and no doubt in 
' other forms also. In regard to the first spinal nerve of O. Cal- 
Stannius’ makes the following statement: *‘Er entspringt 
mit einer starken hinteren und zwei starken vorderen Wurzeln. 
Sammtliche Wurzeln verlassen den Canalis spinalis durch ein 
gemeinsames Foramen intervertebrale, das an der Grenze des 
Hinterhauptsbeines und des Processus spinosusdes erstenBiicken- 
wirbels liegt. Unmittelbar nach dem Austreten trennt sich die 
hintere Wurzel in zwei Biindel, von welchen jedes ein eigenes 
Ganglion besitzt. Indem die vorderen Wurzeln an die beiden 
Bundel der urspriinglich einfachen hinteren Wurzel sichanlegen,. 
entstehen zwei Nervenstamme.” There is every reason to sup- 
pose that these “two strong anterior roots” are representatives 
of the second and third post-occipital nerves of Amia, and it is 
seen that there is no trace of the first nerve, which is not a true 
post-occipital nerve. 

In some Teleosts a nerve passes out apparently through the 
exoccipital behind the vagus, and is .distributed to the same part 
as the post-occipital serves of Amia. This nerve, commonly 
identified as the hypoglossus, is simply the first spinal nerve 
which has passed forwards so as to make its exit through what 
-may be termed the arch of tha preceding vertebra, exactly as 
the succeeding nerves may. do. This is shown by the fact that 
where it occurs there is- no nerve passing out immediately in front 
of the first vertebra, or through its arch. In Amiimia the nerve 
penetrates the exoccipital twice, once in passing into the interior 
of the crapium, and again in passing out ; and in many forms, 
e. g. GadiiSf as seen from the quotation given above, the nerve 
passes out, not through the exoccipital at all, but in front of the 
arch of its vertebra. There is accordingly a gradual passage 
from the normal arrangement, where the nerve passes out in 

’Gegenbaur. UnUrmeh. zur vergl. AwU, der Wirlfdthiere. Theil III. 
Leipzig, 1873. 

'Stannios. Ueher dot periph, Nervenayttem dea Doraeh, &adua CaXUuriaa. 
Miiller’s Archiv. Jahtg. 1843. 
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front of or throngh. the arch of its vertebra, to the secondary, 
whero the nerve passes up into the skull throngh the foramen 
magnnm, and makes its exit through a post-vagal foramen in the 
ezoccipital. 

Although the nerves have passed backwards there are no 
mechanical difficulties in the way of thefdsion of the centra of the 
corresponding vertebrae with the skull, and I am inclined to 
believe this to have occurred. In the youngest specimen I have 
been able to examine 1 have found no trace of such a fusion, but' 
nothing can be deduced from that, since in Adpenser^ which also 
possesses post-occipital nerves, the notochord anteriorly is sur- 
rounded by a sheath of true cartilage at an early stage, which 
sheath is continuous in front with the parachordal cartilages. 
Now the neural arches make their appearance before the centra 
are indicated, and the basioccipital and the anterior vertebral 
centra might ossify as a whole without any individual centra being 
indicated, so that the neural arches would come to stand over 
the apparently simple basioccipital. The elongation of this bone 
behind the plane of the posterior surface of the cranium, seen in 
ATnAa and Acipenser^ and to a much more noticeable extedt in 
L^pidoateua, appears to indicate that there has been such a fusion 
of more or fewer vertebral centra with the cranium.* 

It will be well to turn to the consideration of the arrangement 
of the corresponding parts in other forms. First, it will be 
necessary to examine Petromyzon. Wiedersheim, in his 
description of the nervous system of this form,* described 
the vagus as representing seven roots in Ammooetea, while 
the hypoglossal corresponded to eight roots, i. e. four dorsal. 

* Parker. On the Structure and Devdopment of the Skull in Sturgeons 
{Aeipeneer ruthenue and A. eturio.) Phil. Trans. Vol. 178, 1882. 

* Since writing the above, ^lessor Bamsay Wright informs me, in reply to an 
inquiry, that from the study of a series of sections of young specimens of the last- 
named form, he makes out that “ On the plane of the Chorda there are two or 
three horizontid sections, which show a distinct limit between the cranial cartilage 
and the cartilage investing the anterior part of the vertebral notochord,*’ in other 
sections they are continuous. From this there can be no donbt as to the fusion 
in Lepidgeteue, and the probabilities are exceedingly strong for a similar 
arrangement in Airnia, 

* Wiedersheim. Daa OeMm von Ammoeetea und Pdromyzon Plcmeri, sfo. 
Jen. Zeit. Bd. XIV, 1880. 
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and four ventral. His identifications, however, called forth 
criticism from Schneider,* and more recently fivm Ahlbom,* 
the latter author showing that the vagus really includes the 
anterior dorsal root of Wiedersheim’s hypoglossus, while the 
posterior root belongs to the second spinal nerve, and the two 
roots anterior to this form the first spinal nerve, leaving only 
three motor and one sensory nerve to be accounted for. The 
hypoglossus of Petromyzon is formed of three motor roots, the 
sensory root probably disappearing, so that there can be but little 
doubt but that the hypoglossus really corresponds to three nerves 
of Ammocetes. The nerve after the three roots have united 
passes downwards and forwards to supply the muscles of the 
tongue. I have not been able to study the musculature of 
PeU'omyzon, nor to consult the work of P. Furbringer on the 
subject, but from analogy I have no doubt that the distribution is 
similar to that of the post-occipital nerves, of Amia. It has been 
seen that in the Teleosts the first spinal nerve is composed of 
three portions, and so it is in Petromyzon. In its point of exit, too, 
this |o-called hypoglossus corresponds to the first spin al of Teleostei. 
Throughout the series of rudimentary arches the dorsal roots of 
the nerves pass out between the arches, the ventral roots through 
them. The most anterior, arch, however, differs, both the dorsal 
and ventral roots passing through it, and immediately in front 
of it lies the hypoglossus. What has happened has probably 
been that the arch corresponding to the hypoglossus has fused 
with that for the spinal nerve, and the former nerve has passed 
slightly forwards to lie in the position normal to higher forms. 
Accordingly then the hypoglossal is really the first spinal nerve, 
comparable to the first spinal and two post-occipital nerves of 
Amia and the first spinal of the Teleostei. 

As regards the Dipnoi there is greater difSculty. Wiedersheim 
in his description of Lepidoeiren* describes as the hypoglossal, 
two nerves which leave the skull through the supra-occipital 

^ Schneider. Ueher die Nerven von AmpMoxuSy Arrmocetee u, Petromyzon. 
Zool. Anz. 1880. 

* Ahlborn. Ueher den Ureprung u, Auetritt der Hirnnerven von Petromyzon. 
Zeit. f. Wise. Zool. Bd. XL, 1884. 

^Wiedersheim. 2>as Skelet und Nerveneyetem von Lepidoeiren arwmtem 
(Protopterue any.). Jen. Zeit. Bd. XIY, 1880. 
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(which descendB to the exoccipital region), both in front of the 
two partially aborted post-occipital arches. These nerves have 
a very similar relation to the post-occipital nerves in Amia, 
both uniting to form a stem vrith which a branch from the vagus 
on the one side and the first spinal on the other side unite, the 
composite stem then passing to form the brachial plexus. 
Beauregard,* whose descriptions in all points can not be depended 
upon with much safety, describes a very similar distribution for 
Oeratodtts, the axillary plexus being made up of branches from 
the vagus, the two hypoglossal stems and two spinal nerves. 
Humphry ’ speaks of a “coraco-hyoid” nerve in Zepidosiren, 
which passes down behind the branchiae, and is distributed 
to the ventral muscle passing from the coracoid to the 
hyoid, which nerve no doubt is a part from the composite 
Stem containing the hypoglossus, the muscle being evidently 
the hyopectoralis. There can be little doubt but that these 
two hypoglossal nerves are comparable with the two posterior 
post-occipitals of Amia, but the position of the second also 
in front of the rudimentary arches is peculiar. Further 
observations may show that the original position of the second 
nerve was between the two arches. In neither Petromyzon nor 
the Dipnoi, however, can the entire segment be said to have 
passed up into the skull, for even in the case of the former, 
where the concentration is most complete, the dorsal portions 
of the three myotomes remain perfectly distinct. 

When one turns to the Amphibia, one finds many interesting 
facts. The IJrodela being, as all observers are agreed, the more 
primitive group of the two into which the Amphibia are usually 
divided, it will be well to turn first to them. The first nerve 
passes out through the arch of the first vertebra, and is distributed 
mainly to the thoracico-hyoideus (hyopectoralis) and the maxillo- 
hyoidens.* The second nerve passes out between the first and 
second vertebrae, sends twigs to the thoracico-hyoideus and 

> Beaniegaid. Eneephodt et nerfa ermiens du Ceratodva Forateri. Joum. 
de I’Anat. et de la Phys. Tome XVI, 1881. 

* Bumphry. 2%e vmaelea of Lepidoairen cmheetana with the cranial nereea, 
Journ. of Anat and Phys. Vol. XI, 1878. 

*The8e are the terms employed by Hoffman in Bronn’sElassen und Ordnungen 
des Thierreiohs. Amphibia. Leipzig, 1878. 
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maxillo-hyoideuB, and then divides into three portions, two of 
whidi are distributed to muscles of the shoulder-girdle, while the 
third unites with the third nerve,- and goes with it to the 
brachial plexus. There can be little doubt but that the 
thoracico-hyoideus is equivalent to the hyopectoralis (stemo-hyoid) 
of fish, but the question arises as to what is the homologne of 
the thoracico-hyoideus. This muscle, which has also been 
described as the geniohyoid, is exposed on removal of the inter- 
maxillares anterior and posterior, and consists of two narrow 
portions stretching from behind forwards to be inserted into the 
posterior surface of the mandible near the symphysis; behind it 
arises from the ventral surface of the basi-brancUal which follows 
the body of the hyoid, and in Proteus is imbedded between the 
two sterno-hyoidei. From the relations of this muscle, not to 
the hyoid proper, but to the branchial arches and to the stemo- 
byoid, it cannot be identified with the geniohyoid of fishes, but 
seems to be equivalent to the branchio-mandibularis oiAdpenser 
and Amia. The equivalent of the geniohyoid of fishes is to be 
looked for in the mylohyoid (intermaxillaris anterior), the hyohyal 
being represented in part by the stylohyoid (intermaxillaris 
posterior), and also in part by the ceratohyoidei. 

In the Urodela accordingly, the first spinal nerve is distributed 
to the same parts as the second post-occipital of Amia. The 
second nerve does not, however, pass entirely backward to fuse 
with the third and go to the brachial plexus, but also sends 
twigs to aid the first nerve, supplies some muscles connected with 
the pectoral arch on its own account, only a portion of it 
passing to unite with the third nerve. For several reasons, 
founded among other points on the embryonic history and the 
larval development, I am inclined to trace back the origin of 
the Amphibia to forms much more ancient than any of our 
existing Ganoids, so that for an extremely long time the Fish 
and the Amphibia have been undergoing a specialization in 
quite difierent directions, and one must not be surprised to find 
the Amphibia retaining certain structures in a more ancestral 
condition than do the Teleosts or even the modem Ganoids. 
The retention of the branchio-mandibularis muscle, shown above 
to obtain in the Amphibia, but absent in all Teleostei which have 
hitherto been examined, is an illustrative example. The rela- 
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tions of theseanterior cervioal nerresare also more in accordance 
with their original distribution than are those of Amm, etc. Origi- 
nally, one may snppose that the first and second spinal nerves 
were distributed to two distinct myotomes, the second also 
sending back a twig to unite with the third. On t]^e modification 
and nnion of the ventral portions of these myotomes, concomi- 
tantly with the specialization of a pectoral arch, a greater portion 
of the nerve would pass back to the third, only a few twigs passing 
' to the portion of the ventral musculature which represented the 
original myotome. This arrangement persists in the Urodelous 
Amphibia. In the Fish, however, the process went on still 
further, resulting in the disappearance of the twigs to the original 
myotome, the whole ramus ventralis passing backwards to unite 
with the third nerve. 

On comparing what one finds in the Urodela with what obtains 
in the Anura, one finds that in the latter there is no nerve corres- 
ponding to the first vertebra ; but the fact that even in the former 
the first nerve passes out, not in front of its vertebra, but through 
its arch, suggests a possibility of a still further retrogression having 
occurred in the Anura. This suggestion is, however, by no means 
sufScient to establish the fact. Let us examine the distribution 
of the nerves. The nerve which passes out in front of the 
second spinal vertebra in the Anura, after supplying the Mm. 
petro-vertebrales, passes downwards, and is eventually distributed 
to the maxillo-hyoideus, thoracico-hyoidens, and hyoglossus. It 
also sends a branch back to unite with the succeeding spinal 
nerve. It is very evident that the maxillo-hyoideus and thora- 
cico-hyoideus are identical with the muscles of the same name in 
the Ui*odela, but apparently in the Anura the distribution of the 
nerve includes a muscle not mentioned hitherto. The hyo- 
gloBsus is, however, absent, both in the Derotrenlata and Feren- 
nibranchiata, and in Mmcypoma^ according to Fischer,* an 
nnseparated' part of the maxillo-hyoideus represents it. As to 
the petro-vertebrales, it is not easy to say what Urodelan muscles 
they represent, but perhaps they have been separated off from 
some of the shoulder muscles. Accordingly then, the distribu- 
tion of this anterior nerve of the Anura corresponds exactly 
with that of the first and second nerves of the Urodela. 

’ As stated by Hoffman iff Hronn’s Thierreieh. ■ 
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Quite recently Ahlbom* has endeavored to show that the firet 
three myomeres of Petromyzon ate homologous with the 
three posterior cranial segments of the Anura. His mode of 
reasoning, however, is not conclusive, taking no account of the 
TTrodelous forms which, as above stated, are less specialized than 
the Anura. The three anterior myomeres of Pebromyzon are 
supplied by three dorsal branches from the so-called hypoglossal, 
i. e. one from each of its constituent nerves, so that these 
myomeres are the persistent portions of the original myomeres 
which have become modified and unrecognizable below, and form 
the “muscles of the tongue.” Ahlbom bases his statement on 
the fact that the first spinal nerve in Petromyzon supplies 
two myomeres, the fourth and fifth, and since the true spinal 
nerve has disappeared in the Anura, therefore “kSnnen wir 
nur mit Sicherheit annehmen, dass der vorderste Spinalnerv 
der Anuren ursprfinglich zwei Kbrpersegmente innervirt hat,” 
therefore “der erste Halswirbel der Amphibien entspricht dem 
vierten Myocomma der Petromyzonten,” and therefore “miissen 

die drei ersten Myomeren von Petromyzon, den drei 

hinteren Schadelsegmenten der Anuren homolog sein.” It maybe 
pointed out, that so far as Ahlbom’s argument goes, the second 
spinal nerve of Petromyzon might with equal propriety be con- 
sidered equivalent to the anterior spinal of the Anura, for it 
too supplies two myotomes, the fifth and sixth. Prom what has 
been already said, however, it seems evident that the so-called 
hypoglossus of Petromyzon is equivalent to thefirst spinal of the 
Teleostei, and this again t‘o the first three spinals of the Urodela, 
which, in the Anura, are reduced to two, and therefore the first 
spinal nerve of Petromyzon must be equivalent to the fourth 
spinal of the Urodela and its representative in the Anura. In 
other words, the specialization of tlie first three, spinal nerves 
has reached the same degree in Petromyzon and Gadm, but in 
the Amphibia the three original nerves remain distinct, or only 
the first and second unite. 

When one turns one’s attention to the Heptilia and the higher 
forms, one finds the arrangement somewhat different. Taking 
the Chelonia as an instance, one finds behind the foramen for the 

> Ahlbom. Ueber die Segmentation dee Wirhelthierhorpera. Zeit. f. Wis- 
sen. Zool. Bd. XL, Heft S, 1884. * 
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vagus, there is in the exocoipital another opening through 
which the hjpogloseus pa'sses. This nerve is distributed to the 
muscles of the tongue, speaking in a general way, and fn>m 
analogy with the Amphibia there is little doubt but that these 
muscles are equivalent to those supplied by the first and second 
spinal nerves in the IJrodela, and accordingly the hypoglossus of 
the Ohelonia innervates muscles supplied by spinal nerves in lower 
forms. That the hypoglossus is here a true cranial nerve, and 
not the first spinal whose exit through the cranial walls is a 
secondary arrangement, is shown by the presence of a suboccipital 
nerve corresponding to the first vertebra. Other facts, as for 
instance the occurrence of a proatlantic ossification as described 
by Albrecht,^ point to the same conclusion. One may decide then 
that the hypoglossus of the higher vertebrates corresponds to the 
anterior spinalnerves of lower forms, and isnot a structure formed 
by a separation of the ventral roots of the vagus. As to the 
number qf spinal nerves to which the hypoglossus of the 
Sauropsida and Mammalia corresponds it is difficult to say. The 
relation of the spinal nerves becomes changed to a very great 
degree as far as their distribution to the muscles of the fore-limb 
are concerned, so that in comparatively closely related forms the 
number and relative position of the nerves entering into the. 
brachial plexus varies considerably, the variation being due, 
according to M. Furbringer,* to the change of position backwards 
which the pectoral arch iindergoes during foetal life. The 
researches of Froriep, ’ however, on the developmental history of 
the hypoglossal in Sheep-embryos seem to indicate that the nerve 
is composed of as many as three primitive nerves, the author 
believing that he could distinguish, between the three bundles 
of fibres into which the nerve separated, traces of three distinct 
vertebrae. This point, however, 1 think cannot be considered 
perfectly decided, inasmuch as the nerve arises from the brain as 
a single root, and only divides into three later — an arrangement 
which is not usual in compound nerves, the peripheral portions 

* Albrecht. TJiSbtr den Proatlas, etc. 2Sool. Anz. Jahrg. Ill, 1880. 

* M. Furbringer. Zwr vergl. Anat. d&r Schvltvrmuakeln, III TheiL Morph. 
Jahrb. Bd. 1, 1876. 

‘Froriep. Ueber e»n Oanglim des Hypoglossus und WitbUanlagm in der 
Ocdpital’region. Arohir. f. Anat. und Entwicklungsgesoh. Jahrg. 1888. 
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of which unite first, the proximal parts later — and, farther, only 
one ganglion was to be detected instead of three, as one would 
expect. Majser’s observations on Cyprimm carpw'- appear 
to indicate that the hypoglossal of the higher forms is equivalent 
to only part of the first spinal nerve of the Teleosts. He says 
r^arding the ventral root of that nerve, “ Diese Wurzel ist 
mindestens in ihrem vordem Abschnitt ein Homologon des 
Hervus hypoglossns der S&uger ; ihre Hbereinstimmung mit dem 
entsprechenden Nerv der Beptilien und Yogel ist evident.” 
From the distribution of the nerve it is impossible to say how 
many segments it represents, since the present state of our 
knowledge does not allow of a satisfactory relegation of the 
muscles of the higher vertebrates to their respective segments. 
It is probable that the hypoglossal represents two spinal nerves, 
but future researches will be required to settle this point. 

In recapitulation one may imagine an ancestral form in which 
the vagus was the most posterior of the nerves issuing from the 
cranium, and behind it came a number of spinal nerves, each 
passing out in front of a corresponding vertebra. In the G-anoids 
the centra of certain of these anterior vertebrae ossified as one 
with the basioccipital, their arches and corresponding nerves 
then appearing to belong to the skull. In the Teleostei this 
commencing specialization was carried on in such a way that 
the vertebrae disappeared, and their nerves passed backwards to 
fuse with the next succeeding nerve, forming what is usually 
described as the first spinal nerve of these forms. In Fetromyzon 
the specialization has reached a similar degree. In the Urodelous 
Amphibia the original relations are maintained, the vagus being 
the posterior cranial nerve, following which are a number of 
nerves each with its vertebra; in the Anura the first of these 
nerves passes back to unite with the second. In the Sauropsida 
and Mammalia, two, or perhaps three, of these anterior spinal 
nerves and their segments are incorporated with the cranium, 
the nerves forming the hypoglossus. 

The cranium in the various orders of the Pisces and Amphibia 
is segmentally an homologous structure, but the cranium in the 

' Mayser. Ytrgl, tmxU. Stud/kn vbtr dm Gehim der Knoehenfiaehe mit beeonderer 
BerHekeieMigung der Cyprinoiden, Zeit. f. Wiss. Zool. Bd. XXXV i, 1882., 
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Sanropeida and Mammalia is equivalent to an ichthyopsidan 
c^ium^pJtM two or three additional segiments. 

BAunMOBE, Ftb. 7, 1886. 

Since the above wae sent to press, a second paper by Froriep^ 
has come to hand, which, on account of its intimate bearing on 
some of the points referred to above, requires some notice. 

The results I have obtained from the study of the arrangement 
and distribution of the anterior spinal nerves of various forms 
are confirmed in an interesting manner by Froriep’s ontogenetic 
studies. He, from a further study of sections of sheep and cow 
embryos of various ages, has supplemented the facts announced 
in his earlier paper on the hypoglossal. He finds t^oo ganglia on 
the embryonic hypoglossal; the nerve, however, apparently con-' 
sisting of more than two portions, which eventually unite, the 
union occurring first at the origin of the nerve and proceeding 
centrifugally, and is quite convinced as to the homology of the 
hypoglossal of higher forms with the anterior spinal nerves of 
the ichthyopsida. He says: ‘‘ Der Hypoglossus entsteht dnrch 
Yereinigung einer Anzahl segmentaler Spinalnerven, welche 
aus je zwei Wurzeln, einer ventralen und einer dorsalen, durch- 
aus als Spinalnerven sioh bilden.” 

As to the number of trunks united to form the hypoglossal, 
Froriep^s researches indicate that there are three. He finds 
three muscle-segments in relation to the nerve, but has been able 
to discover only two ganglia, and the general arrangement of the 
nerve trunks is into two main portions, as a glance at his Fig. II 
\riU show. If there be really three muscle-segments supplied by 
the nerve, the presumption is strong in favor of the threefold 
nature of the hypoglossns; but until other structures which 
should be found in relation to the most anterior muscle-segment 
are discovered, such, for instance, as the ganglion, a definite con- 
clusion must be withheld. It would seem clear that the hypo- 
glossal in the Beptilia is composed of only two nerves, and I was 
inclined to believe the same with regard to the Mammalia. Our 

‘Froriep. Ueber Anlagen von Sinnesotyanen am FaeiaNa, fflosaophofynyeua 
Mid Vagus, iiber die genetieehe Slelhmg dee Vagus sum HypogUssus, und Uber 
die SerJamft der ZiM^emmuekuUdur. Aioh. f. Anat. and Fhys. Anat. Abth. 
Jahrg. 1886. Heft I and II. 
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knowledge of the homologies of the muscles of the anterior 
cervical and cranial regions of the Mammalia and Beptilia is too 
slight to allow any positive assertions to be made on the strength 
of apparent similarity of distribntion of the hypoglossal in the 
two groups, and, until the homologies are made clear, embryo- 
logical results must be provisionally accepted. If three nerves 
have really fused to form the hypoglossal of the Mammalia, it is 
interesting to notice that a similar fusion of the same number of 
anterior cervical nerves has taken place in three distinct groups, 
not at all directly connected by descent. In the Teleosts I have 
shown it occurs, and they must necessarily be considered as the 
climax of an unp^edented line of evolution ; and in Petromyzon 
it also occurs, the group to which this form belongs being the 
culmination of degenerating offset from the main stem, bearing 
certain relationships to the Dipnoi. I believe the primitive 
Elasmobranchs, the Ganoids and the Teleostei to be connected 
together along one line, and the Cyclostoma, Dipnoi and Am- 
phibia along another; the Dipnoi, however, having undergone a 
certain amount of specialization after the separation of the line 
to the Amphibia, as also the Elasmobranchs after the separation 
of the Ganoids. 

One other result of Eroriep’s studies must be noticed. He 
finds the tongue museulature to arise from a ventral sheet of 
muscular tissue continuous behind with that from which the 
shoulder muscles are developed. This is exactly what was to be 
expected from what has been said above with regard to the origin 
of the tongue muscles in Amphibia. I showed that they 
were formed by a differentiation of a muscle corresponding to 
that known in lower forms as the Branchio-mandibularis, 
and this is on its part an anterior specialized portion of the 
hyopectoral. There has evidently been an extension forwards 
of the ventral muscular tissue belonging to one or more anterior 
post-cranial segments, a portion of which extension has developed 
into the tongue musculature, while the remaining posterior 
portion has formed the hyopectoralis and its derivatives in the • 
higher forms. 

Baltixobs, April 28 , 1886 . 
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EXPLANATION OP PLATE X. 


. The bones have the following designations throughout: 


Bbr,^ = Basibranchials. 

Brst = Branohiostegal rays. 

Pr = Prontal. 

lOp = Interoperculum. 

Ju = Jugal. 

Men = Submental plate. 

Mn = Mandible. 

Mz = Maxilla. 

Na = Nasal. 


Op = Operculum. 

Pa = Parietal. 

Pal =P{datine. 

Pfr = Postfirontid. 
POp = Preoperculum. 
Qn z= Quadrate. 

SO = Supraoccipital. 
SOp = Suboperculum. 
STp = Snpra-temporal 


Pio. 1. Side view of skull of Amia after removal of integument, 
post-, sub- and preorbital bones and superficial portion of the 
Adductor mandibulss. AM'=: unremoved portion of superficial 
division of Add. mand. AM* = deeper division of Add. mand. 
LAP>-* = various divisions of the Lev. arc. pal. GH = Geniohyoid. 
HH = Hyohyoid. 

Pig. 2. Under surface of skull of Amia after removal of the 
integument and submental plate. IM = Intermandibularis. GH'=: 
posterior portion of geniohyoid. GH* = Superficial portion of 
geniohyoid. HH = Hyohyoid. BrM = Branchio-mandibnlaris. 

Pig. 3. V entral branchial muscles of Amia. lav” = Interarcualis 
ventralis of first arch, anterior portion. lav* = Interarcualis ventralis 
of first arch, posterior portion. lav^ = Interarcuales ventrales of 
second — ^fifth arches. BrM=Branchio-mandibularis. PhCi=Pha- 
ryngOrclavicularis Ext PhG,= Pharyngo-clav. int. Tva=: Trans, 
vent. ant. Tvp = Trans, vent, posterior. 

Pig. 4. Diagram of the branches of the Trigeminus a and h =: 
branches to first division of Lev. arc. pal. Bu = Buccal branch. 
BMS = Bamns max. super. ' BMI = Bam. max. infer, c =: branch 
to fourth and fifth portions of Lev. arc. pal. <2= branch to Add. 
mand. e= cutaneous branch. /= branch to geniohyoid. Pac=Bam. 
mand. ext. facialis. 

Pig. 5. Diagram of the branches of the facial. Bop = Bamns 
'opercularis. BM = Bamns mandib. BHy = Bam. hyoidens. 
BMI=Bam. mand. intern. BME = Bam. mand. ext. 




ON THE ENDINGS OF THE MOTOR NERVES IN 
THE VOLUNTARY MUSCLES OF THE FROG. 

By OHB. SIHLEB, M. D., Ph. D., formerly Fellow of the 
Johns Hopkins UniTersi^. With Plate XL 

In the following communication I wish (1) to describe a new 
method of demonstrating the nerve-endings in the muscle of the 
frog, and (2) to bring forth evidence supporting the view that 
the terminal nerve-fibres are situated on the outside of the sarco- 
lemma, and do not, as is taught by most authorities, penetrate 
this envelope. 

Even if the method here employed and described should not 
bring out any further points than have been already demonstrated, 
in other ways it would seem worthy of being brought to the 
notice of those interested, because it is not a difficult one, and 
because it furnishes specimens which can be mounted and 
preserved indefinitely. 

That both of these points are desiderata we can see from 
Euhne’s article in Strieker’s Handbook. He says, in speaking 
of the methods employed in investigating the nerve-endings, that 
this is one of the most difficult departments of microscopical 
technique, and therefore one in which microscopists have not 
yet reached uniform conclusions ; that the muscle-fibre used 
for examination must be taken from irritable muscle, and care 
must also be taken that the isolated fibres, while under the cover- 
glass — which, moreover, must not be allowed to press on tlie 
fibres — ^have retained enough vitality to be still able to contract. 

The gold method is very complicated, and those who have 
used it speak of unaccountable failures, and, moreover, the 
specimens soon change. The same may be said of the silver 
method, which Euhne commends because it yields specimens 
which can be preserved for at least a few months. 

I have called the method here presented a new one, but must 
qualify this statement, inasmuch as it is essentially the method 
of Beale, although, as will be seen, the results reached by the 
writer difier entirely firom th(Me of Beale, who, as is well known. 
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claims that the motor-nerves run finto a fine network which 
envelopes the muscle-fibres. The method of Beale has this great 
advantage, that it preserves the natural condition of ^e tissues 
without making them brittle and hard, and thus allows them to 
he handled very roughly, and further, that it yields very clear 
specimens. 

After trying in vain for some time by Beale’s method to find 
the nerve-endings described by authors, 1 resorted to the 
modification hereafter described, and obtained a most satisfac- 
tory result. In working with Beale’s finid I found that, as a 
rule, such substances as the axis-cylinder and striped and 
unstriped muscle would not stain at all, or only slightly, but that 
occasionally some of the nerve-fibres would be found which had 
taken up the coloring matter, and that thus specimens would be 
obtained which were very satisfactory as showing much and 
showing that plainly, and in not cutting off as much light as 
haematoxyline specimens are apt to do. My aim, therefore, was 
to procure a red staining-fiuid which would be a little more 
active than carmine dissolved in aqua ammonia and glycerine, 
and which might thus pick out the fine nerve-fibres. 1 tWefore 
ground up one-half ounce of cochineal, added one fiuid ounce of 
aqua ammonia, three fluid ounces of water and four fluid ounces 
of glycerine, set aside this mixture for some weeks, shaking it 
occasionally, then filtered. To the filtrate I added twenty grains 
of carmine dissolved in aqua ammonia and water, and then boiled 
until the smell of ammonia was no longer perceptible. Finally, 
dilute alcohol was added to make up eight fluid ounces. 

I then injected a frog with Turnbull’s blue suspended in 
glycerine and water as recommended by Beale, because, even if the 
injection is imperfect, it helps to analyse the specimens ; removed 
the skin frum the extremities; placed these in the staining-fluid 
in a dish with a lid which did not close very perfectly; and set 
them aside for some time— -I cannot state how long, certainly 
several weeks. It was in the summer. Of course, no definite 
time can be given; temperature, and 1 do not know what 
other conditions, influencing the rapidity with which tissues 
become stained. It is well to examine some of the material 
every two or three days, to find out when the process has con- 
tinued long enough: it ought to be continued for a rather long 
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period of time. After the material had become thoronghly and 
deeply stained, I placed it in a flnid consisting of about fifty parts 
(by measure) of glycerine, twenty-five of water, twenty-five of 
alcohol, add one-half to one part of acetic acid. The tissue was 
allowed to remain in this fiuid, which was renewed every other 
day for about a week, and finally was preserved in a similar fluid, 
which contained, however, a still smaller amount of acetic acid. 
The acetic acid clears up the tissue, and by softening and partly 
dissolving the connective tissue which holds the muscle-fibres 
together, aids in separating and isolating them. The alcohol 
when thus diluted does not make the muscle-fibres too brittle, and 
yet hardens them enough, so that they can be handled and teased 
without difficulty. 

Some of the material thus treated will be found to be stained 
too deeply, and parts not stained enough, but other portions will 
be just right. It happens that in some parts the muscle-fibre 
with its nuclei will be stained comparatively slightly, while the 
nerve-fibres and nuclei have been colored very deeply. Theee 
latter yield the most beautiful and perfect specimens, and after 
one has become familiar, in these more perfect specimens, with 
the appearance of the structures concerned, he can then discrimi- 
nate them in specimens which are less perfect. 

Overstain ed fibres may be cleared up by placing them, for a longer 
or shorter time, in mixtures of acetic acid and glycerine of varying 
strength. Hydrochloric acid is still more active ; very weak 
solutions, only one-tenth to five-tenths of one per cent, are to be 
used. By such treatment specimens will become clear and show 
beautiful nerve-endings, where before the general redness allowed 
no discrimination of the elements. It must, however, be remem- 
bered that specimens thus treated are apt in time to bleach 
still more, and it is doubtful whether the most careful removal 
of the acid will insure their permanency. 

The muscle-fibres are to be teased in glycerine. A small 
bundle of nntom fibres is extended at full length between two 
slides and subjected to slight pressure with the fingers. The * 
fibres will thus be ndore easily separated without breaking. Low 
powers — about 200 diameters — will give very satisfactory views, 
and allow the necessary manipulation for the separation of the 
nerve-ending firom the muscle-fibre. Placing the muscle-fibre in 



158 


OHR. SIHLEB. 


alcohol before teasing has this advantage, viz. when thus treated 
the fibres are more readily separated, bat has the disadvantage 
of hardening the fine nerve-fibrils and thus shrinking them; it 
also seems to have the efiect of contracting and shrivelling 
the connective tissue, thereby palling the nerve-fibres which 
are enveloped therein, off from the mnscle. This is a disad- 
vantage, if one is looking for the nerve-endings m siUt upon the 
fibre, blit is of advantage if one wants to show that the terminal 
filaments of the nerve can be stripped off from the mnscle-fibre. 

My observations have not been extensive enough to say what 
muscles will give the best results. I began with examining the 
very short ones, but found that longer fibres, e. g. those from the 
fore-arm, yielded more satisfactory specimens. The size and 
development of the nerv^endings seem certainly to correspond 
with the size of the muscle-fibre. Thus the typical nerve-ending 
figured in the books was not to be found on the short interdigital 
muscles of the extremities. 

The plate accompanying this paper presents drawings of four 
nerve-endings in situ. Figures 1, 2, 8, 4 show that I have 
really found the nerve-ending, and I think that the method 
employed brings out all the points shown by the figures of 
Etibne, Kdlliker, Klein, Arndt, and more than that of Banvier, 
from specimens prepared by the gold method. By comparison 
of their plates I find that fibres figured by Kubne are broad in 
comparison with the nuclei, at times exceeding them in width, 
while Kolliker’s fibres are narrower, as compared with the nuclei. 
The figures on the plate most resemble those of Arndt in Kirke’s 
Physiology; the fibres are narrower and the nuclei are larger 
(as compared with each other) than as represented by Kuhne 
or Kdlliker. The four figures present somewhat of a variety; 
while figdres 1 and 2 may be looked upon as rather typical, 
figure 4 is somewhat of an exception. By a little change in the 
arrangement of the nuclei, i. e. if they were arranged in a circle 
instead of in a row, something like the end-plate of the mammalian 
muscle would be formed. Fig. 8 shows that the fine fibrils tnay 
run at right angles to the muscle-fibre, although the parallel 
course is the more common. 

As regards the description of the nerve-ending nothing new 
has been brought to light. The medullated nerve-fibre generally 
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has but little of the medullary sheath about the part near its 
attachment to- the muscle-fibre. It is, however, often richly 
supplied with nuclei, which are frequently of large size. Some- 
times its course runs for some distance along the muscle-fibre, 
but. in other instances it breaks up into its terminal fibrils as 
soon as it touches the muscle-fibre. Generally the change is a 
sudden one, the main fibre retaining its thickness and sending 
out a number of fine fibres from its end, while more rarely there 
is a gradual change, the medullated fibre growing thinner and 
thinner till the diameter of a terminal filament is reached. The 
form of the nuclei belonging to the fine end-fibrils is somewhat 
characteristic; they have a tendency to roundness, being pointed 
a little where the fibril enters and leaves them, although oblong 
nuclei are quite frequent ; rarely are they tte pointed or spindle- 
shaped as the nuclei of the nerves supplying the capillaries. The 
peculiar form of the nuclei and the depth to which they often 
are stained aid in finding the fine fibrils running between them 
and from them. The fine end-fibrils, especially their terminal 
portion, often appear as a double red line. Does the fibril 
consist of a delicate envelope enclosing a rather soft protoplasm, 
which by coagulating separates into an outer denser part, which 
absorbs the coloring matter and an inner finid part? In that 
case the end fibre would not be a naked axis-cylinder. The 
fibrilt generally end in a point, but are at times a little rounded. 
Certain it is that this is a real ending and not an appearance 
artificially produced, so that Beale’s view is not correct. Beale 
certainly did not, as Kdlliker suggests, take connective-tissue 
fibres for nerve-fibres. I should rather think that the nerves 
he shows are the sensory nerves of the muscles. 

The peculiar form of the nuclei, their large size compared 
with the fibre, and the double red line of the fibrils, are very 
characteristic; and are important in settling the question whether 
the nerve-ending is beneath or on the outside of the sarcolemma. 

Kow the question where the endings are situated seems to be 
of some physiological importance, because there will probably be 
a difference in the way in which the nerve-current calls forth the 
contraction of the muscle, if the nerve and muscle substances are 
placed in immediate contact on the one hand, or if on the other 
the nerve has to infiuence the contractile substance through the 
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intervening earcolemma, and poBBibly through a dieath btuv 
rounding the fine nerve-fibril alBO. 

This question seems to be also of importance ^for another 
reason. Striped muscle certainly exhibits centrifugal nerve- 
endings on the largest scale, and we naturally and with propriety 
make inferences from the arrangement we there find to structures 
more minute, which are difficult if not impossible to analyse, «. g. 
the nerve-endings in or upon the unstriped muscle-fibres. 

On this question Eolliker says: “Eranse, Bouget and myself 
place the end-fibre altogether on the outside of the sarcolemma; 
Euhne, Engelmann and Waldeyer (lie might have added several 
other names, e. g. Elein, Gerlach, Frey] however, on the inside, 
and there is no doubt that this point is a very difficult one to 

decide According to Euhne the whale length of the 

pale nerve-ending is situated within the sarcolemma ; but 1 have 
demonstrated, and Erause supports this view, that many pale 
fibres are situated on the outside of the sarcolemma. Begarding 
the ultimate ends of the pale fibres, however, it seems almost 
impossible to give a definite answer, whether they are situated 
within or without the sarcolemma, because the delicacy of the 
tissues in consideration makes accurate observations almost 
impossible.” 

The following observations, made on material prepared by the 
process described above, indicate, or rather demonstrate, if accu- 
rate, that the whole of the end filaments of the motor nerves are 
situated on the outside of the sarcolemma. 

1. Frequently when an end-fibril is seen to run along the side 
or edge of a muscle-fibre, i. e. is viewed, so to speak, in profile, 
the nerve-nuclei will be seen standing out in marked relief from 
the muscle-fibre. 

2. It sometimes happens that the contents of the sarcolemma 
are displaced by pressure of the needle, or some other accident 
in the manipulation, while the nerve-ending is scarcely disturbed. 
Figure 5 shows this; all the muscle-substance proper had 
disappeared from beneath, and yet all the details of the end 
fibrils can be clearly seen ; there is .no disarrangement or breaking 
of the filaments, except that they are dragged a little out of their 
straight direction. Now it would seem rather curious that such 
perfect preservation of the naked protoplasm- of the fine fibrils 
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could be obtained while the moBole sabstance in immediate 
contact waB thnB pnshed aside. Of course, these observations go 
tb support Edlliker’s view. 

8. I have prepared quite a number of specimens, where several 
muscle-fibrbs were lying side by side, and one of the ultimate 
nucleated fibrils passed from one muscle-fibre over upon the 
other. Figure 6 shows one of these. Here we see a fine nerve- 
fibril passing from one muscle-fibre across a second and over to 
a third ope. 

To this observation the objection may be made that this 
arrangement is rather exceptional ; yet it is of some value, and in 
very short and thin muscle-fibres, such as we find in the hand and 
foot, this passing of the terminal fibre from one muscle-fibre to 
the other is probably not so rare, although it is difScult to get 
fully satisfactory specimens. 

4. Not very unfrequently, specimens are obtained in which the 
ending is seen detached to a varying extent. Figs. 7, 8, 9, 
10, 11 show this, and others might have been added. In all 
these cases the separation was an accidental one, brought about 
during the separation of the muscle-fibres. The number of times 
this condition has been found, and the variety in the appearance 
as shown by the drawings, prove that no accidental deception 
has come into play. The partial attachment of the nerve-fibres 
also shows that it is the nerve-ending belonging to that particular 
muscle-fibre. The figures show various degrees of separation ; 
e. g., in Fig. 8, the whole ending is displaced, and it is not easy 
to tell what the arrangement before displacement may have 
been. In Fig. 11 the muscle was supplied by two main fibres, 
the ultimate ending of one fibre is detached, as is also a portion 
of the other fibril, where the muscle shows a depression. In all 
these cases the nerve and muscle, to which the nerve-ending 
belonged, were together. Bepeated instances were found, in 
examining teased muscle, of cases where the nerve-endings were 
wholly separated from the muscle-fibre. I regard the double 
red line and the large size, together with the form of the nucleus, 
as BO characteristic of the end-fibrils that such structures can be 
confidently called detached nerve-endings. 

5. With some patience and proper specimens I have succeeded 
a number of times in isolating or separating the nerve-ending 
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from the mnecle-fibre. The specimens which yield such results 
are those in which the nerve-fibre approaches the muscle from 
the side, where the former is not too short, and where just the 
right amount of connective tissue envelopes the nerve. The 
separation was produced by pressing, intermittently of course, 
the cover-glass with the needle, and by pushing it from side to 
side in the direction of the muscle-fibre, as well as at right angles 
to it and obliquely. I have done this while the specimen was 
under actual observation through the glass. Sometimes we thus 
manage to grasp the medullated fibre, which of course must 
project a little from the muscle-fibre to which it is attached, and 
to pull or peel ofif, if not the whole nerve-ending, often half of it, 
the main fibre first becoming detached and then the fibrils; all, 
of course, protected and surrounded by the gelatinous eonnective 
tissue which holds the muscle-fibres together. Nothing ean 
have such a strong infiuence in forming one’s opinion as to the 
situation of the nerve-ending as having performed this operation. 
As a matter of course.the whole of the ending eannot always be 
detached ; the fine fibrils generally pass off in opposite directions, 
and while the main or medullated fibre is dragged in one 
direction to peel off one set of filaments, those filaments running 
in the opposite direetion will be apt to be torn from the main 
fibre and remain attached to the muscle-fibre. But this point is 
certain, viz., that a terminal fibril ean, with careful manipulation, 
be detached throughout its whole length, even down to its very 
end. ' 

This manipulation can be more readily performed if the 
muscle-fibre be first treated for a short time with acetic acid or 
with weak muriatic acid. These reagents seem to swell up and 
soften the substance surrounding the muscle and nerve-fibres, 
and thus aid in separating them. 

1 must not forget to mention a little manoeuvre which I have 
found very useful. It is to bend the muscle-fibre, to which a 
nerve-ending is attached; in such a way that the nerve-ending 
comes to be placed in the concavity. Then pressure upon the 
cover-glass will pull the nerve one way and the muscle the other; 
and thus I have made a number of successful separations. 

From the foregoing observations we are, I think, justified in the 
conclusion that the mhoU nerve-ending ie eitnated on the owteide 
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of the sarcolmma, and, like the ec^Uariee, mihedded in the 
gdedi/nous oornieotme Ueaue. 

FigB. 12, 18, 14, 16, 16 show nerve-endings which were 
pnrposely detached. 

In Fig. 15 the whole nerve-ending is detached ; as this belonged 
to a small muscle-fibre, and hence was not very elaborate, it 
could be wholly detached. 

I wish to call special attention to Figs. 13 and 14, because the 
specimens gave evidence showing the detachment of the very 
extremities of the fine end-fibrils, by their forking, which is 
a peculiarity not mentioned above, but very characteristic. 
Fig. 14 was drawn while the process of separation was in 
progress. Here the extremity of one fine fibril at {a) was 
separated, while the main mass at {i) was still adherent. 
Fig. 13 also shows the same forking. 

I dwell on the point that the Jine fibrils can he sfiparated in 
iheir whole length, their very tip imhided, because Holliker, 
who also asserts that the beginning at least of the fine fibrils 
is on the outside of the sarcolemma, admits, in the quotation 
given above, that he has no testimony to offer as to the 
remaining parts of the fibrils. 

In Fig. 12 the broad fibres are wholly detached, and the fine 
fibrils partly ; and a little more manipulation would no doubt 
have made the separation complete. One dislikes to continue 
the process too far if a good specimen for a drawing is desired, 
because one will be apt to destroy what has been gained, by 
crushing or tearing the parts. 

The preparations which show the separation cannot, I am 
sorry to say, always be preserved. The cover-glass is at times 
iffter the manipulation in such a position on the slide that the 
specimen cannot be mounted, as any change eithef in position or 
pressure will disarrange the parts. Again, the elastic connective 
tissue which envelops the nerve-ending, and which still may 
hold muscle and nerve together, tends after their separation to 
draw the latter back to its old position, so that on re-examining 
your detached nerve-ending after some days you may find it 
returned to its old position, in contact with the muscle-fibre. 
This happened in the specimen from which Fig. 12 was drawn. 
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This method of staining also brings out beautifully the fine 
nerves (probably sensory) in the frog’s tongue, and likewise the 
nerve-supply of the vessels, especially of the capillaries; and it is 
a fact which seems not to enter snfSciently into our physiological 
conceptions, that the nerve-supply of the capillaries of such tissue 
as the striped muscles is simply enormous as compared with that 
of the muscle-fibres themselves. 

I repeat also that all the manipulations must be carried on 
in glycerine. 

In conclusion, I would say that the separation of the nerve- 
endings takes a good deal of patience and some time; there will 
be many failures; certain muscle-fibres only are suitable, and 
some of these will not allow the detachment of the nerve-ending ; 
but, on the other hand, the rough handling which tissues 
prepared as above described will stand is also remarkable and 
encouraging. 

Kuhne’s cat^orical statement that Kolliker’s view is all but 
abandoned (allgemein verlassen) gives me little hope of being 
listened to, but on account of the physiological importance of 
this question I have taken the liberty of bringing my work to 
the notice of investigators in this branch, for the purpose of 
calling attention to the method here described, and inviting 
those who have the ''time and patience to take up the subject 
again. 

CLETXLpD, 0., March, 1885. 


DESCRIPTION OF PLATE XI. 

Figs. 1, 2, 3, 4. Nerve-endings on muscle-fibre in situ. 

Fig. 5. Nerve-ending on empty sarcolemma. 

Fig. 6. Fine nerve-fibre passing over several muscle-fibres. 

Figs. 7, 8, 9, 10, 11. Nerve-endings found more or less detached 
during process of teasing. 

Figs. 12, 13, 14, 15, 16, 17. Nerve-endings separated by manipu- 
lation of cover-glass. 

, Material used, frog’s muscle. 

Power used, Gundlach’s objective III. Eye-piece III, about 176 
diameters. Size of drawings reduced. 

Muscle nuclei : connective tissue and its corpuscles omitted. 



MARINE LARViB AND THEIR RELATION TO 

ADULTS. By H. W. CONN, Ph. D., Instructor in Biology at 

Wesleyan University. With Plates VIII and IX. 

Some time ago I had the opportunity of making a study of 
the early history of the Thalassema larva, and the results obtained 
were so suggestive as to lead me to an extensive study of 
larval forms in general, to see if the indications here hinted at 
were of any general importance. As I have already indicated^ I 
have been led to conclusions partly in accordance with Balfour’s 
theory of larvae, which is the most obvious conclusion resulting 
from the study of Thalassema larva.* The publication of Sedg- 
wick’s paper,* and that of Wilson,* have led me to put my views 
into shape, in order to show what are the teachings of larvae 
upon some of the general questions of these two papers. The 
following discussion, therefore, will in part be a testimony to 
Balfour’s views, in part will differ from them; while I have 
endeavored to carry the views farther, and indicate what are the 
teachings of larvae as to the relations of adults. 

I have first endeavored to hunt for the simplest type of larva 
known, which is at the same time most universally included in 
the development of animals. And having found such a larva, I 
have endeavored to trace its relation to the various known exist- 
ing types of larvae, and hence to the adults, and this plan 1 shall 
follow in the present paper. 

Of all the larvae with which we are acquainted, the form found 
among certain Nemertians, and known as the pilidium, is 
undoubtedly the simplest which can really be called a larva (Fig. 1); 
and not only is it the simplest, but, as we shall have, reason to con* 
elude, it is probably the most primitive. Since the formulation of 
Haeckel’sgastmla theory, evidence has been accumulating on every 

•J.An.CironlarNo. as. 

^See a paper on Thalassema in these Studies, Vol. III. 

* A. Sedgwick : Origin of Metamerio* Segmentation, Quar. J. Mio. Soo. 1884. 

* E. B. Wilson, Mesentereal Filaments of Aloyonaria. Naples Mittheil. 1884 
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hand to show that this theory expresses in some sense a tmth ; for 
the more we know of the history and structure of animals, the more 
certain is it that the gastmla stage is included in the ontogeny of 
all animals. We may therefore justly assume it as a starting 
point. Now the Nemertian pilidium is little more than a gastmla, 
and in this there is reason for thinking it a primitive form. But 
the pilidium, however, is not a simple gastmla, for it has two 
features which the gastmla is not supposed to possess. First, 
there is usually present at the extremity opposite the month, or, 
as it will he preferable to call it, the blastopore, a certain tufb of 
cilia, and an accompanying ectodermal thickening. This tuft of 
cilia may consist of a single long cilium, it may consist of several, 
or it may consist of a large number; but in all cases they differ 
from the remaining cilia of the body, being of different length 
and thickness, and never traly vibratory, and therefore not loco- 
motor organs. Usually we find them carried quite stiffly, 
protmded in such a manner as to indicate that they are sensory 
organs. At all events they do indicate that this region of the body 
has become differentiated from the rest. 

Secondly, there is found around the border of the bell of the 
pilidium a special band of cilia. The whole larva may be 
covered with cilia, but around the border of the bell they are 
much longer than elsewhere, forming a band which serves as a 
locomotor oigan, enabling the animal to swim about with a 
much more regular motion than would be possible with a uniform 
coveriilg of cilia. Here, too, isusually seen an ectodermal thicken- 
ing, which is made of cells of different character from the rest of 
the ectoderm, and may occasionally, indeed, contain sense organs.* 
Evidently we may be sure that here is a second differentiated 
region of the ectoderm where the cells have acquired special func- 
tion. In our pilidium larva, therefore (Fig. 1), we have a gastmla 
with an aboral tuft of sensory cilia, and a drcumblastoporal ring 
of long locomotor cilia, both tracts accompanied by an ectoder- 
mal thickening. 

And now the question arises as to the meaning of the ciliated 
bands, — whether we can draw any conclusions from them It is 
difficult to say just how much confidence can be placed upon the 
presence of cilia as an evidence of relationship. Oilia seem to 


‘Wilson. Pilidium larva. In these Studies, Vdl. n. 
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be about the eimplest organs with which animals can be endowed, 
and are, moreover, ' the most widely distribnted. In studying 
laira, we almost universally find cilia developed in abundance ; 
but this fact is not the slightest evidence for believing in any 
relationship among the larvae in question, but seems rather to be 
reason for thinking that cilia can be of no value as indicating 
relationship. Indeed it seems to be a general property of proto- 
plasm to develop cilia whenever and wherever they are needed, 
and we consequently find them almost everywhere. We may 
find a larva completely covered with them, and another with a 
number of definite bands, but always cilia in some form ; they 
are found in Infusoria, they are found in Vertebrates. It is 
evident, therefore, that great caution must be used in basing any 
theoretical conclusions as to relationship upon the presence or 
absence of cilia. A uniform covering of cilia has probably no 
phylogenetic meaning, and the fact that various larvse arise from 
a uniformly ciliated condition has not the slightest significance. 

But, on the other hand, it is impossible for one who has made 
any extended study of a large number of larval forms to avoid 
the conclusion that certain definite conclusions may with surety 
be based upon some of the traeti of cilia. Take for instance the 
tuft of sense cilia above described. If we find such a tuft of cilia 
almost universally present among free swimming larvse, and always 
with the same relation to the rest of the body, we can but draw 
the conclusion that this tuft has more than accidental significance. 
Kow this ciliated tuft is of very wide distribution. It is found 
in the free swimming larvse of Coelenterata, it is almost universally 
present in Annelids and Hemertians ; it is found in Flanarian 
larvse ; is present in Mollusks and among Folyzoa and firachi- 
opods(?) : and* is also, as is shown by some careful observations of 
Mr. Hachtrieb, in a paper to be published soon, found in Echino- 
dermata; and in all these forms it has a similar relation to the 
rest of the body, though not always with similar appearance. A 
structure of such wide distribution must ceftainly have consider- 
able meaning in the phylogeny of larvse, if any conclusions in 
this regard can be based on ontogeny. The same- may be said 
in regard to the ring of cilia around the blastopore which is 
almost as widely distributed (the Ediinoderms are perhaps an 
exception), &nd, as'l shall attempt to show, with similar relations 
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in all forms. From the mere presence of cilia, locomotor or 
sensory, no matter how widely distributed, no conclusions 
as to relationship can be drawn; but when we find almost 
universally among larvse which show other relationships to 
each other, a certain very definite band of cilia accompanied 
by an ectodermal thickening, and always hearing similar relation 
to the body, we are certainly justified in considering that we are 
dealing with something of more meaning than that of a general 
development of cilia. 

Finding them so widely distributed, therefore, we are justified 
in believing that this sensory tuft and this locomotor band in our 
pilidium have some distinct meaning. But what is this meaning ? 
Are we to assume that these two regions of the larval body are 
set apart, the one to bear sensory cilia and the other to bear 
locomotor cilia? I think we cannot rightly draw such con- 
clusions, nor even conclude that these two regions originally 
and necessarily bore cilia. In the first place, we get certain 
suggestions from the history of the sensory ciliated tuft in Anne- 
lids. They always arise in connection with an ectodermal 
thickening, a thickening which, in Annelids, becomes the supra- 
oesophageal ganglion. From the cells beneath the cilia, indeed 
from the very cells which give rise to them, is developed that 
part of Annelid’s nefvous system which is the seat of the sensory 
functions, and we have, therefore indications that the cilia in 
question mark the position of an already partially difierentiated 
nervous system. The same conclusion is indicated by the already 
mentioned fact of the great variation of the character of this 
sensory tufb, composed now of a tuft of long motionless cilia, now 
of a few short ones, or again of one very long hair. This fact 
alone would convince us that it is not the cilia thelnselves which 
are important, but the cells from which they arise. It teaches 
ns that we are dealing, not with cilia alone, but with an already 
partially differentiated nervous system. The cerebral ganglion 
has in fact even now -made its appearance, just at the close of the 
gastmla period.^ 

‘This fact is certainly a strong argument against all views which make the 
cerebral ganglion of Annelids a part of the same nervous system from which the 
ventral' chain arises. Sedgwick, in making the cerebral ganglion the anterior 
extremity of a single nervous ring, seems to have overlooked, or at least not 
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With r^ard to the circumoral band of cilia, there are many 
facts which point to a similar conclusion. Wilson has shown 
that in one species of pilidium, sensory organs may appear around 
the bell margin. 

Here we usually find pigment developed. The cells of this 
band are usually of a different character from those of the 
remaining ectoderm. In Thalassema and Serpula, which I have 
most carefully studied, this band goes through two markedly 
distinct stages. During the first two days of larval life the ring 
consists of.a broad band of cilia which are quite powerful. Such 
it remains until about the third day, when it is replaced by 
something entirely different. The broad band of cilia disappears, 
and there comes in its place a single row of very long, powerful 
cilia. This row occupies the same position as did the original 
band, and has an entirely similar function ; but it is evidently 
not the same, and cannot be considered as exactly homologous 
with it. What we have in Thalassema and Serpula therefore is a 
special band of ectodermal tissue which has become differentiated 
from the rest and gives rise to two entirely independent bands of 
cilia. All of these facts are enough to show that it is not the 
band of cilia which is of importance, but the band of ectodermal 
cells which gives rise to them. 

These few facts give us some hints as to what meaning we are 
to put on the various ciliated tracts. They do not indicate that 
because various larvse possess a preoral ciliated band, these bands 
are necessarily homologous with each other. They may be, 
and probably are, independently developed in many cases. But 
they do indicate that even in our early pilidium larva as well as 
in all other larvae where this tract is represented, there is present 
a certain tract of ectodermal tissue which has acquired a function 
different from that of the rest of the ectoderm, a tract which 
may give rise to cilia, or sensory organs, or tentacles. The 
sensory tuft of cilia shows ns that thus early in the larval 

mentioned, the fact that it always arises as a separate portion in all Annelids and 
Arthropods, and is only at later periods united with the ventral chord. The same 
dUDcntty is seen in accepting Dohm’s view, which taukes the cerebral ganglion 
homologous with part of the vertebrate brain, for the vertebrate brain always 
arises as the anterior part of the s|dnal cord, and never as a separate organ. 
This difficulty has never been sufficiently answered. 
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development a certain region, a nerve plate (Scheitelplatte), has 
become differentiated as a r^on of special .activity; a region 
'which we know to be nervous, since the cerebral ganglion of the 
adult is developed from it. 

Now as we look again at our pilidinm larva we get further 
insight into its structure. It is not an undifferentiated body 
enclosing a digestive sac, i. e. a simple gastrula. It consists 
rather of an animal which possesses mouth and digestive tract, 
and has already definitely indicated, though of course as yet very 
slightly differentiated, two ectodermal tracts which we may, 
provisionally at least, call nervous. One which bears a tuft of 
sensory cilia is undoubtedly nervous, and already indicates that 
part of the body which is to become anterior end ; while the 
other, which is probably also nervous, forms a ring dividing the 
body into two unequal parts, a larger one in front and a smaller 
one behind. These two regions 1 will call for convenience the 
preoral and oral lobes; the former including all in front of the 
ciliated band^ the latter including all upon the other side of 
the band and enclosing the blastopore. 

A word is also necessary upon thq value of larvae as indicating 
relationships as compared with egg embryology. Valid reasons 
present themselves f gainst accepting evidence from either source. 
It is urged that larvb are free swimming independent animals, 
and that they have undoubtedly been modified by their conditions. 
If this is the case we. cannot assume that they w:ill preserve 
'with any degree of correctness the primitive history of the groups 
of animals to which they belong. The necessity for locomotion 
and capture of food will introduce secondary changes and greatly 
modify the history. On the other hand, it is just as legitimately 
urged that the egg embryos are also greatly modified by their 
change of condition. They have lost the locomotion which the 
early forms must have possessed, and are, moreover, supplied 
with a store of food; 'which two facts induce at least as great 
changes as have taken place in free forms. All locomotor oi^ans 
which the ancestral forms possessed will be lost, the digestive 
system will be modified, and there will be no longer a need for a 
mouth, etc. 

Undoubtedly both of these positions are well taken, and 
neither egg embiyology nor larval development can give us an 
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unmodified history. Each will, however, to a certain extent, 
offset the other. That development will teach us something, no 
' one will be inclined to deny; but the true teaching of development 
will come from the union of larval history and egg embryology. 
No rule can be given ; and if egg embryology and larval history 
come in direct confiict, we cannot say beforehand which, if either, 
must be accepted as the least modified. Each case must be 
examined by itself, and conclusions be drawn as to which is the 
more trustworthy in special cases. 

In the cases which we are to consider 1 think there can be no 
doubt as to the fact that the free larvse are more primitive 
than the egg embryos, as far, at least, as concerns the early 
stages.- Larvse are unquestionably in circumstances which 
are more like those of the early ancestors than are those 
of the egg embryos., for they are free and independent, must 
procure and digest their own food, all of which characteristics 
they must share witli the ancestral types. Other things being 
equal, therefore, they will retain in their general features some- 
thing of the ancestral form. Can there be any doubt, for instance, 
that the history of Serpula is more primitive than that of 
Arinicola ? Compare the free larva of the former (Fig. 13) with 
tlie egg embryo of the latter (Fig. 15). In the former wo have 
an independent form resulting from a regular segmentation and 
invaginate gastrula ; in the latter, an embryo with no digestive 
system, which has resulted from an opibolic gastrula, which no 
one claims as primitive. Compare the development of Polygor- 
dius with that of Nereis, and there can be no doubt as to which 
is the more primitive. 

Moreover, if larvse do not retain ancestral features there is 
no reason why they should show any great resemblance 
to each other. In some few general features we should 
expect that they would be alike, owing to their like conditions. 
All being swimpaing animals, we should expect the presence 
of cilia; all being independent, we should expect tt functional 
digestive system ; all being marine forms with many enemies, 
we can explain their almost universal transparency. JBut when 
we come to deal with more specific features, any such explanar 
tion fails. Tliat all larvse should possess cilia is easily enough 
understood, even if we do not believe in any phylogenetic rela- 



m H. W. CONN. 

tion between them ; bnt that all larva, or a large majority of 
them, should poesesa a definite band, quite variable in appear- 
ance, bnt always preserving its fundamental relation, is 
not to bo explained in any other way than by phylogenetic 
inheritance ; for otherwise this band would be independently 
acquired in a lai^ number of cases, which is as difiicult to under- 
stand in larvae as in adults. 

There is no reason then why larval characteristics, provided 
that we can select definite ones of wide occurrence, are not as 
valuable to indicate relations as are those of the adult, and 
perhaps more so than those of the egg embryo. I have therefore 
endeavored to select such as are almost universal, and shall take 
into consideration chiefiy the two ectodermal tracts above men- 
tioned, which I think can be shown to be present in all larvse. 
Yarions other features could be selected, here and there, but 
none of such wide significance as these two, and 1 have therefore 
thought it well to leave them out of the question. 

Starting now with our pilidium form, we first ask how widely 
distributed is this stage ? Do all larvse pass through anything 
equivalent to the pilidium? This question cannot be strictly 
answered in the affirmative, bnt it is much nearer true than I 
was at first inclined .to believe. The fact that the pilidium is 
hardly more than a gastmla will show that all larvse, and indeed 
all animals, include in their development a stage which is very 
nearly a pilidium ; bnt the fact that it is more than a simple 
gastrula shows that it is probable that some forms do not, and 
perhaps have never possessed all its characteristics. But we do 
find it, however, very widely distributed. The Coelenterata in 
many cases possess a very typical pilidium form. Fig. 2 is an 
unknown Actinian found at Hampton, which,, while not having 
a circumblastoporal ciliated ring, does have the ectoderm 
thickened in this region. It is therefore a true pilidium.- The 
Annelids, as is shown in Fig. 10, possess a typical pilidium 
stage, and the same is true of most of the group of wonns which 
possess free larvss. The Mollnska usually have their early 
history much modified by the presence of a large amount of food 
yolk, but Blhtchli’s figures of Falndina, a form with little food 
yolk, will show that a true pilidium stage is also found in this 
group. Folyzoa pass through the stage, as an examination of 
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Hatsoheok’s figures' will abundantly show. Echinodems haye 
never as yet been considered to possess any similar stage, 
npthing like a preoral sense organ haring been until recently 
described. But I have been pleased to learn this is due to 
want of more careful observation. Mr. Nachtrieb* has found 
that a careful study of the ciliation of the young Echino- 
derm reveals, in many cases at least, a well developed anterior 
tuft of cilia, and an ectodermal thickening identical in appear- 
ance with that of Serpula, Eig. 10. The circnmoral ciliated band 
is, however, not evident. This interesting discovery of Mr. 
Machtrieb has placed the Eohinoderms in the same category as 
that of other larvee, at least as far as the preoral sense region 
is concerned. 

On the other hand, of course. Sponges and Arthropods show 
no approach to anything like our pilidium larva; but these 
animals possess a larva so difierent from the ordinary forms we 
are studying that they have no significance for us here. Boti- 
fera, Brachiopoda and Enteropneusta are not as yet sufficiently 
known in their development to make it certain whether a true 
pilidium stage is included or not. All of the larvse, therefore, 
which are open for our discussion except the Echinoderms, pass 
through a true pilidium stage, and the Echinoderms have a stage 
very much the same. 

The next question arising is as follows: Do we find anywhere 
in the animal kingdom this type preserved as an adult form ? 
The answer is, that while we do not find it in its typical form, some 
Coelenterata do present for us a fonp which with little modifica- 
tion is a pilidium. This can be best seen by studying the history 
of some form with a free larva. Actinia being well known from 
the work of Lacaze Duthiors,* is best adapted to our purpose. 
The Actinia larva, comp. Fig. 2, corresponds well with the pilidium 
form. It is a gastrula with mouth at one extremity and with a 
sensory tuft at the other, having around the blastopore an ecto- 
dermal thickening, though not a particular row of cilia. This 
difference is of no importance, for we have seen reason for 

* Hstscheck. Embryonal ent. a Enosp. d. Pedioellina eohinata. Zeit. t. Wia. 
Zool. zzix. 

* J. H. IJ. Cifoular, 1880, Eo. 88. 

*Aioh. f. Zool. Exp. et Qen., Tol. 
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believing that the oironmblastoporal band simply indicates 
ectodermal differentiation, and this does undoubtedly exist in 
Actinia, as is shown first by the thickened ectoderm, apd 
secondly, by the fact that this region soon buds out tentacles. 
The conversion of this larva into the adult is an exceedingly 
simple matter. It attaches itself by the aboral extremity, i. e. 
by the extremity which carries the tuft of sensory cilia. Once 
attached, it is nothing more than a stationary piliditlm, with the 
exception that the circumblastoporal ring develops tentacles 
instead of cilia. And this fact need not surprise ns, for if, as we 
have seen reasons for believing, the circumblastoporal ring is 
simply a ring of differentiated ectodermal tissue, wo may as well 
expect tentacles as cilia, or very likely both, as may be found in 
certain Actinula. In Actinia, this simple attached pilidiura 
undergoes quite a number of later changes, such as the formation 
of mesenteries and stomadaeum, so that the adult is quite highly 
modified, and can hardly be compared with the pilidinm. But 
having now found out the relation of the adult to the larva, it 
becomes immediately evident that in Hydra we have simply an 
attached and stationary pilidinm. It is true that the sensory 
ciliated toft has disappeared, but this is, of course, necessary with 
the attachment by its aboral extremity. The circumblastoporal 
nervous tract no longer having use for locomotor cilia has re- 
placed them by sensory and prehensile tentacles. But these 
changes do not materially change its identity with the pilidinm 
form. 

It may be Objected that this view of the Hydra and Coelen- 
terata makes cilia homologous with tentacles. But this is an 
erroneous understanding of the subject. To my mind, the 
circnmoral ring of cilia of various larvee indicates, as I have 
already explained, not a widely distributed ring of cilia, but a 
special tract of ectodermal differentiation, which may give rise to 
cilia or tentacles or sense organs, or, perhaps, other structures 
which require special connection with the nervous system. The 
cilia of the free swimming larvse are therefore not homologous 
with the tentacles of Hydra, but the ectodermal differentiated 
band in the one case producing cilia, is homologous with a similar 
band in the other case producing tentacles. The simple hydroids 
are therefore to be looked upon not as simple gastrula, but as 
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i^preBentatives of a slightly later stage; a stage retained tempo- 
rarily in almost all animals possessing free larvss, and which we 
have called the pilidium. 

Onr next inquiry is to discover how different larvse are related 
to the pilidium form, or in other words, to find out, if possible, 
along what line this pilidium form has been modified to produce 
the various types of existing larvse. The first modification to 
take place in the transformation of the pilidium into other forms 
is the completion of the digestive tract, the transformation of the 
gastmla sac into a continuous tract opening by mouth and anus. 
Wilson, indeed,^ has shown that the initiatory steps have already 
been taken toward this direction in certain of the more complex 
Alcyonaria. The various conflicting evidence on the relation of 
mouth and anus to the blastopore is too well known to demand 
repetition. The relation is one that undoubtedly admits of 
great variation. Of all the suggestions advanced to explain the 
varions differences, by far the most plausible is that of Sedgwick.’ 
•According to this view the blastopore is the beginning of both 
mouth and anus. It originally elongated, one end becoming the 
permanent mouth, the other becoming the anus, while the inter- 
mediate portions closed up to form the ventral surface. 

This view of Sedgwick’s has received some considerable 
confirmation from the observations I have made on Thalassema 
and Serpnla. I have already in these , Studies given a brief 
account of the formation of mouth and anus in Thalassema. An 
examination of PI. Ill of the present volume of these Studies will 
show what actually takes place in this animal. Thalassema has 
been described as having the blastopore converted into the 
month.’ But these figures will show that it is not strictly true. 
The only evidence of the blastopore at first is a flattening at the 
oral pole. As the larva develops, one extremity of this does 
become the mouth, while the anus is formed at a spot which is 
really the other extremity of the flattening, though at the time 
the anus is formed it is at a considerable distance from the 
pionth, owing to the elongation of the body. This is, of course, 

* Wilson. Mesenterial filaments of Alcjronana. Naples Mittheil. 1884. 

*A. Sedgwick. Origin of Metsmeric Segmentation. Quar. Jour. Mio. Soo« 
1884. 

' Eowalwsky, Zeit. f. Wiss. Zool. xxii, p. 884. 
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not Btriotly the converBion of blaBtopore into month and anna, 
but it is BO eaBilj Been to be derived from Buch a proceBB that it 
may be taken as a good ai^nment in favor of Sedgwick’s view. 

A mnch better piece of evidence is the case of Serpnla, which 
I have had the good fortune to study during the last summer. 
Here the blastopore has been described as becoming the anus,* 
but a careful study has shown me that a mistake was made here 
similar to that made on Thalassema. I have in Figs. 11 and 12 
endeavored to illustrate what actually takes place. The blasto- 
pore is formed in the usual way, and at the time of its appear- 
ance there is present the aboral sense cilia and the circnm- 
blastoporal ring. The blastopore soon becomes an elongated 
slit, extending in a direction connecting the future mouth and 
anus. The opening becomes now closed, and the endoderm 
remains in connection with the ectoderm by along area (Fig. 11). 
The body elongates obliquely, as shown in Fig. 12. The solid 
gastmla sac now becomes separated from the ectoderm at its middle, 
remaining in connection with it only at its two extremities. Up 
to this time it' is solid, but now a cavity appears in it, one end 
becoming open as the mouth, and the other some time later as 
the anus. In this case, therefore, the blastopofe becomes con- 
verted directly into mouth and anus. This is the more suggestive 
since the whole development of Serpnla shows every indication 
of being very primitive, and the occurrence of this history of 
the blastopore in this form is good evidence of its primitive 
importance. 

I find in the development of Thalassema and Serpnla, therefore, 
evidence for believing that the relation of month and anus to the 
blastopore is somewhat as Sedgwick suggests. And this leads 
me in the study of larvss to an important conclusion, as follows : 
All larvsB which possess in their gastmla stage a circumblasto- 
poral ring must, upon the subsequent completion of the alimen- 
tary canal, have both mouth and anus on the same side of this 
ring. We have seen that the pilidium is divided into a preoral 
and oral part by this ciliated ring, and now since the blastopore 
is entirely upon the oral side, it follows that both mouth and 
anus must be upon the posterior side of the ring, which therefore 

■ Stosrioh, Sits. d. E. E. Akad. 'Wiss. Wien. B. IxztU, 1878 ; also Braacbe, 
Z. A. 1888, p. 606. ' 
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becomes always a preoral band. This is easily seen from the 
Figs. 10-14. The month and anns, therefore, with the ciliated 
band become landmarks by which different larvte can be com- 
pared with each other. 

The next change necessary in order that our pilidinm type 
shonld be transformed into any much more complicated form, 
either as larva or as adult, is obviously that the body becomes 
elongated. And, indeed, this does take place in every instance. 
But it is evident from the examination of the pilidinm type that 
this elongation may take place in quite a number of different 
ways. We can actually trace two different methods of this 
elongation. First, we find that in one large group of animals, 
the preoral lobe (anterior to the ciliated ring) elongates to form 
the body of the animal, while the oral lobe remains relatively 
very small ; or second, we find in another large group the oral 
lobe elongates to form the body while the preoral lobe remains 
relatively very small. And these two different types of growth 
give rise to two entirely different types of larvee and adults. 

The first of the two groups which I will consider is the one 
in which the elongation of the preoral lobe has taken place. 
Here belong the Ooelenterata, Polyzoa and Brachiopoda. 

Codenterata. 

The usual form of Coelenterata larva is the Planula ; but the 
Plannla has no mouth, no digestive system, and, indeed, all evi- 
dence tends to show that it is not a primitive form, while that of 
Actinia or an Octocorallum, Fig. 2, is much more so.* The relation 
of the hydroid to this form has already been pointed out. It 
simply attaches itself by its aboral extremity and elongates. But 
this elongation, as may be seen by comparing Figs. 2, 5 and 6, 
is confined mostly to the preoral lobe. The circnmblastoporal 
ring remains always quite close to the mouth, and becoming 
expanded into tentacles, is converted into the circumoral ring 
of tentacles. In many Hydrozoa and Actinozoa the adult 
becomes, of course, much modified, and is therefore more than 
a stationary pilidinm; but these modifications are truly secondary, 
and do not affect the relation of the animal as a whole. 

' See disonssitai npon InTaginstioa and Delamination, I7 BaUonr in his Oomp. 
Emb. 
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But there is another form among Coelenterates which, in many 
cases, is the true adnlt, and which seems at first sight to he bnilt 
upon a different type. I shall not attempt here to enter into a 
discussion of the vexed question of the phylogenetic relation of 
the hydroid and the medusa, beyond expressing myself as 
essentially in agreement with the views of Bohn^ and Brooks,* 
to whose papers I would refer. Bohn, in a very interesting 
paper on the subject, makes use of the remarkable likeness of the 
larval forms known as Actinula, found in Tubularian hydroids, 
to both a hydroid polyp and a medusa ; and comes to the con- 
clusion that both hydroid and medusa were originally derived 
from something like the Actinula. Indeed, Actinula is most 
readily compared with either hydroid or medusa. In Tubnlaria, 
where Actinula is the larval form, the adult is derived directly 
from it. Figs. 5 and 6: while in certain trachymednsss, e. g. 
Aeginopsis, an actinula form is converted directly into a medusa. 
Moreover, the remarkable medusa of Glavetella prolifera* gives 
further evidence for believing in a close relationship between 
Actinnla and the medusa. Finally, the remarkable history of 
Gunina shows in a very interesting manner how a hydroid form 
may become a medusa. Figs. 3 and 4 were kindly lent me by 
Dr. Brooks, and will illustrate the point. Fig. 3 may be directly 
compared with the Actinnla of Forypha, Fig. 5, and differs from 
it only in the long oral lobe. But Gunina larva, Fig. 3, is in 
the subsequent metamorphosis converted into a medusa. Fig. 4, 
while Actinnla is converted into a stationary hydroid, Fig. 6. The 
relation of the Actinula to the pilidinm form we have already 
seen, and we have thus linked together the hydroid Medusa, 
Actinula and pilidium forms. 

The relations of the Goelentei^ta seem to be therefore briefiy 
this. A primitive form, which is essentially a pilidium, becomes 
modified in two directions. On tbe one hand it attaches itself 
by its anterior end, and its preoral lobe elongates, thus forming 
a hydroid. On the other hand it remains locomotor, but its 
body elongates transversely, in such a manner as to carry the 
circnmblastoporal nervons ring away from the axis of the body. 

' Bohn, Heligolander Medusen. Jenanders Zeit. xii. 

* Brooks, J. H. U. Circular No. 22. 

> Allman, Oymnoblostio and Tubularian Hydroids, Vol. II. 
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This elongated portion of the body grows' down around the 
paouth in the shape of a bell, w in Fig. 4. The nervous ring is 
thus carried down to the margin of the bell and here gives rise 
to tentacles or sense organs, and thus we have a true medusa. 
The exnmbrella is therefore homologous with the body of the 
hydroid, while the subumbrella is homologous with the oral disk 
of the hydroid, and the circumoral tentacles of the latter are 
homologous with tho marginal tentacles of the former. 

Polyzoa. 

Of the two groups of Folyzoa we need consider only the Ento- 
procta. Their adult structure shows them to be the simplest 
forms, they are nearest the embryonic stages, and the Ectoprocta 
in their development partially pass through an Entoproctous 
stage, wliile the others have such a highly complex development 
as to indicate that they are greatly modified. To the Entoprocta, 
therefore, must we look for evidence as to the significance of the 
larvee. 

Studying tho development of the best known Entoproctous 
larva, Pedicellina,* we find the early development quite coinciding 
with that which we have found reason to think is primitive. 
The gastrula is an invaginate one, and there is soon formed 
around the blastopore a well-marked ciliated ring, and at th.e 
aboral extremity is developed a “ciliated disk,” which undoubt- 
edly represents the sensory tuft of cilia which we have seen in 
Actinia and pilidium. In other words there is formed a true 
pilidium stage, in all essential respects like that found in 
Coelenterata. 

Now, however, the Polyzoau departs from the line taken by 
the Coelenterata, in the formation of an anus. And this opening 
is formed in essentially the same manner as that of Serpula, 
already described. The blastopore elongates and comes to 
occupy a position extending between the future mouth and 
anus, i. e. the ventral surface of the animal. One extremity 
remains open as the mouth, while the rest closes up. But soon 
tlie anus appears at the other extremity of the blastopore, and 
therefore within the ciliated ring, and in a pibsition which corre* 


* Hatsoheok, Zeit. t. wtos. 2^1. XXIX. 
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sponds with the Annelid’s anus (Fig. 7). Now the preoral lobe 
elongates somewhat while the oral lobe remains relatively smal]« 
in the same manner, as in Goelenterata. There is thus prodnood 
the larva (Fig. 7) which differs from the pilidium larva and the 
Ooelenterate larva in the single point of possessing an anns. 

The relation of this larva to the adult is much the same as that 
we have traced in the Coelenterata. 

The preoral lobe elongates to form the body, and the ciliated 
ring grows out into a row of tentacles, the Lophophore. Fig. 8 is 
a figure of Lozosoma, showing plainly its relations to the larva, 
Fig. 7. Thus, the only difference between the Ooelenterate and 
the Folyzoan is the fact that in the latter group the blaeto]|[>ore 
becomes closed at its centre, leaving the two extremities open, 
as month and anus, while in the former group the blastopore 
remains permanently open throughout its whole extent, although, 
as Wilson has shown,^ the initiatory steps towards differentiation 
into mouth and anns may sometimes be taken. It is true that 
the attachment by the ciliated disk, as above assumed, has never 
been described, but it is so obviously the simplest method for the 
formation of the adult that Balfour unhesitatingly came to this 
conclusion. Moreover, 1 am informed by Mr. Nachtrieb that in 
some work he did at Hampton during the summer of 1883, he 
was fortunate enoughvto find the young Fedicellina attached by 
its ciliated disk to a piece of grass. He was unable, however, to 
raise the animal and study its further development. On the other 
hand, Barrois* has described the process quite differently. Accor- 
ding to him, the attachment takes place by the oral extremity, 
and the subsequent metamorphosis is very complicated. These 
observations however do not militate (gainst the homology here 
drawn, but against the view of the simple metamorphosis above 

The comparison between these two animals of our first group 
is quite striking. In both the Ooelenterate and Po lyzoan we find 
a pilidium larva; in both, the preoral lobe elongates to form the 
body of the adult, while the oral lobe remains relatively small. 
In both, the circumblastoporal nervous ring gives rise to ten- 
tacles, and finally it is in these two groups onJy that we meet with 

' Wilson. Mesentorial filaments of Alojonana. Naples MittheO. 1884. 

'Bartois. Ann. and Msg. Nat. Hist. 1888. '' 
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a tendency to form branching colnmns, so similar as to lead often 
to the confounding of the two. The only essential difference is 
the separation of the blastopore into month and anus, a process 
begun in Alcyonaria and completed in Polyzoa. • 

Brachiopoda. . 

Closely related to the Polyzoa are the Brachiopoda, whose 
history must have been much the same. The similarity of the 
adults has been frequently noticed, and Brooks* has shown that 
the Brachiopod larva may be directly compared with the adult 
Polyzoan. Brooks’ paper and arguments are quite full, and since 
very little evidence has accumulated since the publication of his 
paper, it will be only necessary for me to give his conclusions. 
He decides that both the adult structure and the larval 
history teach that the Polyzoa are the nearest allies of the Bra- 
chiopoda, since the adult Polyzoan is essentially a larval 
Brachiopod, and since the early larvse are reducible to the same 
type (which is essentially our pilidium type). No one since that 
time, as I am aware, has objected to this conclusion except 
Balfour. In his Comparative Embryology he admits the plausi- 
bility of the view, but raises two objections to it : 1. “ The lopho- 
phore is pre-oral in Polyzoa and post-oral in Brachiopoda,” and 
2. The concave side of the lophophore is turned in nearly 
opposite directions in the two forms.” The only Brachiopod 
with a free larva which has been, studied in its early stages 
is. . Argiope, but an examintion of the larva. Fig. 9,^ will 
show that Balfour’s objections are not well taken. His 
understanding of the Brachiopod larva was wrong, and he 
confounded the anterior with the posterior end. A glance 
at Fig. 9, and the consideration that the preoral lobe has 
elongated, together with the fact that the month subse- 
quently appears at the lower ude of the figure, will show that 
the extremity which Balfour called posterior is really anterior, 
while his cephalic lobe is really the oral lobe of the pilidium 
and Polyzoa. The row of tentacles developing from the ciliated 
ring is, therefore, anterior to the mouth in either case. The 
second objection is now of no moment, since we have seen that 
the ventral and dorsal surfaces are not differentiated in these 

* Lingula. In these Studies, Yol. I. 
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forms. We maj safely assnme, therefore, that the study of the 
adult and the larval history indicate that Brachiopoda and 
Polyzoa are related to the pilidinm form by being attached by 
the anterior end, and having their preoral lobe elongated. The 
observations of Barrois, if confirmed, may cause us 'to modify 
the view as to the attachment of the larvse, but not as to their 
homologies. 

The position of the anus in the Ectoproctous polyzoa and the 
unarticulated Brachiopoda presents a little difficulty. In these 
two forms the anus is situated outside the lophophore in positions 
that cannot be homologous to that of the Ectoproctous forms. To 
explain this it is necessary to assume either that the anus in these 
cases is a new formation or has at least changed its position, or that 
the lophophore has moved. If there were no reasons to the con- 
trary the latter assumption would be the more natural. But when 
we come to consider, (1) That this Ectoproctous anus is some- 
what variable, (2) that it is entirely lost in a majority of 
Brachiopoda, (3) that it has an entirely different origin from 
that of the Entoproctous Polyzoa, arising as a separate opening, 
while the anus of the Entoprocta is a part of the blastopore : 
(4;) that some Ectoprocta pass through an Entoproctous stage 
(Cyphonantes), and (5) finally, that if this Ectoproctous anus 
be considered as the same as the Entoproctous anus, the 
lophophore must be considered to pass through the blastopore : 
I think it is abundantly evident that the latter of the two 
assumptions is the more probable. With this assumption there 
is no* longer any difficulty. The relations of the members of the 
group would be something as follows: The earliest form is the 
Entoproctous Polyzoa, in which the blastopore became elongated 
and differentiated into month and anus within the circum- 
blastoporal ring. Erom this form are derived the Ectoproctous 
Polyzoa, either by tlie formation of a new anus, or by the old anus 
being moved outside the lophophore. To this latter group 
finally are related the Brachiopoda, which in the more primitive 
forms retain the Ectoproctous anus, and in the later more 
modified types have lost it altogether.. 

The study of the larvss and adult forms of Coelenterata, 
Polyzoa and Brachiopoda leads us thus to the conclusion that 
they form a lo^cal group by themselves, which have been 
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derived from the pilidiam type by the elongation of the preoral 
lobe, and the final attachment of the animal by its anterior end. 
The Ooelenterata, on the one hand, have blastopore nndifier* 
entiated into month and anns; and on the other hand, the single 
group consisting of Fplyzoa and their near relatives Brachiopoda 
have mouth and anus. 

On the other hand, the pilidium larva in becoming modified 
to form the adult has its oral lobe elongated, giving rise to a 
second logical group of which the Annelids and Mollnsks are the 
best examples, but which also probably contains the Sipnncnlids 
and Flanarians. 

Atmdids. 

In a large majority of Annelids the early history is very much 
disguised by the presence of a large amount of food yolk, so 
much so that it is impossible to make out any logical history. An 
irregular segmentation, an epibolic gastrula, a ciliated larva 
with no mouth, Fig. 15, is j;he usual history, and is one which is 
undoubtedly in nearly every step highly modified. But a few 
forms have been studied which present us •mth a more primitive 
history. Folygordius,ThalasBoma and Serpula arc such examples. 
From these forms with little food yolk and primitive history a 
pretty complete series of gradations can be found, in which the 
food yolk is becoming more abundant, and the early stages more 
and more unlike those of Serpula, etc. In all of the forms there 
is eventually an approximation to the Serpula form, and the 
more abundant the food yolk the later does this approximation 
occur. In Arinicola, of which Fig. 16 is the young larva, it occurs 
very late, hardly before the animal assumes the adult form ; while 
in the Annelid of which Fig. 17 is a representation, the approxi- 
ination occurs much earlier ; and this is due, largely at least, to 
the presence or absence of food yolk. 

As a type of the Annelid history I will take Serpula. Serpula 
possesses first a typical pilidium stage. Fig. 10. The method of 
the formation of anus and month. Figs. 10-13, has been already 
described; while those changes are taking place the body 
elongates. This elongation is not in the line of the gastrula 
axis, but somewhat obliquely to it, and concerns almost entirely 
the oral lobe. By the elongation the anns, which was originally 
part of the bla8toi>ore, is earned fiirther and farther away from 
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the month, the r^on of the closure of the blastopore lips 
elongating to form the ventral surface, Figs. 11-13. Meantime 
the preoral lobe retains its original size or grows but slightly, 
and finally, as is shown in Figs. 18 and 14, becomes the cephalic 
s^ment of the adnlt Annelid, or the so-called proboscis of the 
Echiuridte, Fig. 16. This history, which is essentially the same 
for Serpnla, Folygordius and Thalassema, may be considered as 
typical, and shows ns that it is the oral lobe which elongates, in 
contradistinction to the Goelenterate gronp. 

This understanding of the Annelid enables ns to draw an 
instructive comparison between the Coelenterata and Polyzoa 
on the one hand, and the Annelid on the other. We see first 
that the cephalic segment of the Annelid (the preoral lobe or 
proboscis of Thalassema), which Hatscheck has shown not to be 
equivalent to the other s^ments,* is really the representative of 
the whole of the body of the Coelenterata and Polyzoa outside 
of the row of tentacles. This region is uppermost in all of my 
figures. The body of the Annelid is equivalent to that part of 
the Coelenterate behind the . tentacles, or in the Folyzoan that 
part of the body inside the lophophore. More particularly the 
ventral surface of the Annelid’s body is unrepresented in Coelen- 
terata, since it is formed by the closure of the lips of the blasto- 
pore, and in the Coelenterata the blastopore is not closed. In 
the Polyzoa, however, the true ventral surface is present. The 
r^on between the month and the anus, which Hatscheck has 
shown to be formed by a closure of the lips of the blastopore, is 
the true ventral surface (marked Y in the figures). . The dorsal 
surface of the Annelid if we trace it back from Fig. 14 to Fig. 10, 
is seen to be represented in the pilidinm larva by the small space 
between one end of the blastopore and the circumblastoporal 
ring. This region is, of course, present in the Coelenterata and 
Folyzoan (marked D in my figures). Finally, this view will 
imply that the circumblastoporal ring of differentiated ectoderm 
has given rise, in Coelenterata, to the tentacles of the polyp form 
and the marginal nerve bodies of the medusa ; in Polyzoa to the 
lophophore; and in Annelids it has frequently disappeared, since 
its function as nervous structure has been supplied by the newly 
.developed ventral nervous system. This band hza not always 

* Hatscheck Studies n. But. d. Anneliden. Arb. a. d. zixd. Inst. Wim, I. 
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disappeared, even in Annelids, but is frequently retained in tbe 
shape of tbe tentacles, which are developed in front of the mouth 
in a position homologous with the lost ciliated ring. 

Tbe homologies above given may seem rather strange, but a 
slight consideration wiU show that they are the outcome of tbe 
simple understanding that it is the oral lobe that has elongated 
in one case, and the preoral lobe in the other. And, further, it 
will be seen that they are in exact agreement with the views of 
Sedgwick and Wilson. I wish to say, however, that my own 
conclusions upon this subject were formed independently of 
these two papers. In a note published two years agb,‘ I indi- . 
cated that my work on Thalassema had led me to such views. 

I simply refer to this to show that my conclusions are not copied 
from tWse of Sedgwick, but were derived from an entirely 
independent source of evidence. 

MolVuska. 

In many respects Mollnsks agree in their development with 
Annelids. In considering this type we must bear in mind 
that in a majority of cases the presence of a large amount 
of food yolk has greatly modified the history. No one will 
pretend to claim that the development of Cephalopoda can be in 
any sense primitive. Nor, indeed, can that of the ordinary 
gastropod be considered much more so; as, for instance, that 
of Nassa. We cannot expect, therefore, to get much aid from 
such forms, but must look for cases where the food yolk is 
relatively small in amount. A number of such instances can be 
found, but perhaps the best for our purpose are Paludina,* and 
Teredo.* 

That Mollnska do possess the evidences of a pilidinm stage is 
shown by Fig. 18. This figure, taken from Blutchli’s work oh 
Paludina, shows a pilidinm with the exception of the absence of 
the aboral sensory plate. But whether it be present here or not 
is not of much importance, since it undoubtedly is present in 
many Mollnsks (Oardium, Teredo), and we thus see that a true 
pilidinm is here found. 

>J. H. U. Circular No. 32. 

'Lankester, Quar. J. Mio. Soi. XVI. and BltttchU, Zeit. f. Wise. ZooL XXIX. 

’Hatsebeck n. Entwiok. vent Teredo, Arb. a. d. Inst. Wien. III. 



.186 


H. W. CONN. 


Starting with such a form we find the larva which results from 
it to be quite different in different cases. Teredo will be par- 
ticularly instructive, since the full-grown larva is so similar to 
the ordinary Annelid larva. Fig. 20 is the larva of Teredo, and 
it is a good trochosphere with a very striking likeness to that of 
Serpula. Its early history is quite different, but the resulting 
larva is almost the same as that of any Annelid. This likeness 
was readily seen by Hatscheck, and he based some important 
deductions thereon. He even went so far as to predict from his 
researches on Teredo that it would eventually be found that the 
intestine of Annelids was endodermal and not ectodermal, as 
had been previously stated — a prediction which I have had the 
good fortune to verify. 

The larva of Teredo then is a typical trochosphere, arising 
from the pilidium in essentially the same manner as that of 
the Annelid. One thing is important to notice. The preoral band 
of cilia becomes the velum of the young Mollusk. But even more 
conclusive on this point is the history of Paludina. In this form 
the circumblastoporal ring. Fig. 18, becomes the velum. Fig. 19, 
showing conclusively thq relation of the velum to the preoral 
ciliated band of Annelids, etc. As the Paludina larva develops, 
the oral lobe elongates very much, the preoral . lobe being left 
as a very small tra>ct within the velum. In this animal the 
blastopore becomes the anus, according to both Lankester and 
Blutchli, a point which, however, presents us no difficulty, when 
we consider that both anus and mouth are derived from this 
opening. The mouth when it appears, Fig. 19, is posterior to 
the ciliated band, as we should expect, and the result is again a 
trochosphere larva differing considerably from Teredo, but with 
the same fundamental parts, and evidently arising in the same 
way by the elongation, of the oral lobe. 

Or again, examine thb development of Oardium' or the oyster,* 
two forms with not a great amount of food yolk, and we always 
find a larva which is essentially a trochosphere, with the mouth 
just behind the velum, and the anus posterior. 

The velum is seen in these cases to be homologous with the pre^ 
oral ring of Annelids, and these instances given are enough to 

» Loven. Vetnsk. Akad. Hand!. 1848. * Brooks. In these Studies, Vol. I. 
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detfionBtrate thisliomology. Frequently the velum is not a com- 
plete ring, being opened behind, but the same is true of the preoral 
ring of Annelid larv» (Polygordius), and even in pilidium, 
occasionally the circumblastoporal ring is not complete. In 
Mollnsks the velum, usually in the later larval stages, grows out 
into large ciliated lobes which arc capable of contraction, but 
this is of course a secondary affair, and may be compared to 
the expansion of the same band into tentacles in the Coelcnterata. 

Assuming that the trochosphere larva is the typical form 
for the Mollusks, it becomes at once evident that the Mol- 
lusks and Annelids are closely related, being derived from the 
pilidium form in essentially the same way. In both cases did 
the oral lobe elongate at the expense of the preoral lobe, 
and in both cases did this elongation take place, not in the line 
of the gastrula axis, but obliquely to it,^ in such a manner as to 
leave the month near the circumblastoporal ring, while the anus 
was carried backwards to the extreme posterior end. In the 
Mollusk the preoral lobe is even smaller than in the Annelid, but 
it usually carries the typical bunch of sensory cilia. 

We can now easily compare the larva with the adult. Various 
comparisons of the Mollusks and the An nelids have been made, but 
an examination of the figures of Plate IX leaves but one possibility. 
The body in both cases is the highly developed oral lobe of the 
trochosphere. The shell of the Mollusk, Fig. 20, arises on the 
surface of the body equivalent to the dorsal surface of tho 
Annelids. The foot of the Mollusk is the ventral surface of 
the Annelids. The velum is simply a larval organ, but the part 
of the body within its area is equivalent to the cephalic lobe of 
the Annelids or the proboscis of Thalassema, Fig. 16. In both 
Mollusks and Annelids, therefore, the oral lobe elongates at the 
expense of the preoral lobe, but the resulting body in one case 
covers itself with a shell, and in the other becomes segmented. 

There now remains for consideration the larval forms found 
among Botifera and Planarians, th‘e two peculiar larvss Actino- 
trocha and Tomaria, and the larvae of Echinoderms. 

The Botifers may be easily disposed of, since the adult Botifer 
is nothing more than a trodiosphere. It is, therefore, undoubt- 
edly to be classed with Annelids and Mollusks. 

' See Hatsoheok. 
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Flanarians have been comparatively little studied, and the 
formation of their young larva is not much known. I shall there- 
fore not attempt to discuss them. The figures of Lang^ suggest 
to me that the so-called post-oral ciliated band of the Flana- 
naus larva is, in reality, a preoral band which has become quite 
altered in its position by growth. I have not ypt seen the text 
which describee these figures, and cannot therefore draw any con- 
clusions from them. 

Actimtrocha. 

The larvae of Fhoronis and the Sipitnculids are in many respects 
peculiar. 1 have had no opportunity to study them, but their 
history, as described by Hatscheck and Caldwell, shows them to be 
by no means closely related to the other so-called Gephyreans. 
Caldwell* believes them to be somewhat closely related to Bra- 
chiopoda, but it is hardly possible to judge of the truth of this 
conclusion until the publication of Caldwell’s complete paper, 
and the clearing up of some of the obscure problems. 

Tornaria, the larva of Balannoglossus, has been considered to 
be an Echinoderm larva, and its similarity to these larvse is so great . 
in the ciliated bands, water system, etc., as lead without doubt 
to their classification in the same group. 

V 

Echmoderma/ta. 

When we come to study Echinoderm larvse we immediately 
meet with differences which lead to the conclusion that we have 
in the animals here related, a third group radically set off from 
the other two. We first meet with a difficulty from the fact 
that there is such a complicated metamorphosis, and that the 
larva is never, with the exception of Synapta, transformed 
directly into the adult. This exceptional history of Synapta is 
one good reason for believing that Synapta stands nearer to the 
primitive Echinoderm type than any of the other groups. 
But, ordinarily, so complicated is the metamorphosis which the 
larvss go through, that no conclusions from the larvse can be 
drawn as to the relations of the adults. Having recognized this 

' Lang. Naples. Fauna and Flora, Poljdaden. 

'Caldwell. Anatomy and Derebpment of Fhoronis, Proo. Boy. Soo. Yol. 
XXXIV. Abstract. 
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fact, that the larvse are nndonbtedly very highly modified, we 
are prepared to meet with difficulty when we try to find their 
relations to the other types we have studied. 

And when we come to try to recognize a pilidinm stage in 
Echinoderms we meet with nothing which Is exactly a pilidinm. 
In the first place, we find that the blastopore always becomes 
the anns and never the mouth, except in those forms which 
possess no anus. This difficulty would not be a very great one 
if it stood alone, for reasons we have above seen, but since it is 
connected with other greater differences it is probable that it 
has also its significance. 

The stage of Echinoderm larvae which corresponds to the 
pilidinm I have not figured, since Mr. Eachtrieb, in a paper 
in preparation, has very carefully figured and described 
it. In brief it is this, a typical gastmla, with a mouth at 
one extremity, at the other a bunch of long cilia. The whole 
gastmla is covered witli tolerably long cilia, but at the aboral 
pole there is a long tuft, accompanied by an ectodermal 
thickening. It is also interesting from the fact, that with 
the subsequent ‘growth of the larva they become changed in 
position, and finally in the full grown larva can no longer bo 
seen, which is a further evidence of the great modification of 
the Echinoderm larva. 

Beyond this the resemblance to the pilidinm does not go ; for 
there is found nothing to correspond to the cii^umblastoporal 
ciliated ring. All of the other larvse which we have examined 
have a ciliated band around the blastopore, and both mouth and 
anus when formed are upon the same side of this band, which is 
consequently both pre-oral and pre-anal. Mo such a band is 
found in Echinoderms at any period. With the growth of the 
larvse various ciliated bands make their appearande, and one of 
them in Holothuroids is a circnmoral band. Gegenbaur has 
ingeniously shown (see Fig. 57 of his Comparative Anatomy) how 
such a band might be converted into a pre-oral and post-oral band 
such as are present in the Asteroid larva. He may be right 
for. the cases in question, but when he homologizes them 
with the ciliated bands of sinular names in the trochosphere, he 
has gone beyond legitimate conclusions.^ In the first place there 
is nothing in the development of these bands to indicate such a 
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conclasion. Even in Echinoderms the circntnoral band arises 
from the fusion of a number of others, nsnally four, and never 
do we find a single band dividing into two. In the Annelid 
trochosphere we have seen that the preoral band is always a 
complete ring derived from a circumblastoporal ring of the 
pilidinm stage. This ring is therefore undoubtedly a distinct 
one, and not derived from the division of a previously existing 
circum-orai ring. Nor can this whole circumoral ring be con- 
sidered as homologous with the ring of the pilidinm, since that 
is circum-$Z<(«^jpom2, while this Echinoderm band is strictly 
circum-oraJ. In short, there is nothing as yet found in Echino- 
derms which can correspond to the circumblastoporal ring of 
the pilidinm and the preoral ring of the trochosphere. 

'What, then, is the relation of the Echinoderm larva? Balfouri 
was inclined to believe that we have here a remnant of a form 
even earlier than the pilidinm form, and therefore an earlier 
branch. I am inclined, however, to the opposite conclusion, 
and consider it as a much later form in which the pilidinm 
characters have been partly lost. I have three chief reasons for 
this conclusion : , 

In the first place, we have just seen that while the Echino- 
derms do not pass through a true pilidinm stage, they do have 
differentiated the anterior nervous tract. This is afterwards lost, 
but its presence in the young larva is a sure indication of 
relationship to -the forms we have already studied. 

Secondly, the presence in Echinoderms of a mesoderm indi- 
cates the same thing. Echinoderms always possess a mesoderm 
quite similar to that of Mollusks. Such a mesoderm is not 
present in Coelenterata, and since Coelenterata do have a true 
pilidinm stage, the inference is that Echinoderms have also once 
possessed this stage and are .of later rather than earlier origin. 

Finally, it seems to be the tendency of modern research to 
unite into one laige group the Echinoderms, Nemertians, Balan- 
noglossus and the Yertebrates, as quite radically set off from the 
rest of the animal kingdom. The likeness of Tomaria and 
Echinoderm larva is very striking in every respect The work 
of Hubredit shows that Nemertians and Yertebrates are related, 
and finally, Balannoglossus shows many resemblances to ^e 

>Comp. Emb. '^Tol. I. 
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Nemertians. Now Nemertians paes throagh apilidium stage; 
indeed, the term has been borrowed froth the name of their 
larva. This being the ease, one of three alternatives is necessary. 
Either (1) the pilidium larva has no significance, or (2) the 
Nemertians have no relationships either to Echinoderms or 
Balannoglossns, or (3) Echinoderms also belong to the same 
group with the pilidium larva. I think the universality of the 
pilidium form is a sure indication that it is a highly significant 
stage. The work of Balfour, Hnbrecht and Bateson, together 
with the likeness in the adult anatomy of Nemertians and 
Balannoglossns, induce me to accept a relationship between 
them. And I therefore prefer to accept the third of these 
alternatives and consider that the Echinoderms are also related 
to the pilidium form. 

But if this be true, then the ordinary Echinoderm larva is a 
highly modified larval form, derived from the pilidium by a com* 
plicated method of growth, so much so that the relation of the 
adnlt to the larva is entirely secondary. What may be the primi- 
tive relation of the Echinoderm I will not attempt at present to 
say. A study of the development of Synapta for the purpose of 
deciding the question would doubtless lead to valuable results. 
The last work on this subject, that of Salenka,' seems to indicate 
that the gastmla is elongated something as is that of the Annelid 
above described.' 

The general result of this paper is therefore briefly as follows. 
All animals which possess free larval forms, leaving aside the 
Arthropods, the Sponges, and the parasitic forms with highly 
modified history, can be related to each other through a form which 
is essentially like a pilidium, consisting of a gastrula with a preoral 
tuft of cilia and a circumblastoporal band, both tracts indicating 
probably nervous dififerentiation. From this form the various 
larvsB and adults have been so derived as to fall into three widely 
separate groups. The first group was divided by the elongation 
of the preoral lobe, by the expansion of the ciliated band into 
tentacles, and usually by the attachment of the animal by its 
anterior extremity. In this group are found the Coelenterata, 
with blastopore undifi^erentiated, the Polyzoa with blastopore 
differentiated by elongation and closure at its centre into month 

> Salenks. Stndien n. Ent. des Tbiere. Wiesbaden, 1883. 
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and anus, and the Brachiopoda derived from a modified form of 
Poljzoa. In the second group the oral lobe elongated, the blasto- 
pore differentiated into month and anns, the animal remains 
free, and the circnmblastoporal ring frequently disappears in the 
adult, though sometimes indicated by tentacles. Here are found 
the Annelids, the Mollnsks, and probably also the Planarians. A 
third group contains Echinoderms, Balannoglossus, and probably 
the Nemertians and Vertebrates, whose relation to the pilidium is 
not yet clear, but which are probably derived by elongation of the 
oral lobe. In this group the larvss are the most highly modified, 
so that the full grown larva gave no indications of the relations 
of the adults, nor of the relation of these larva to the early pilidium 
type, although the early stages retain undoubted traces of the 
pilidium ancestry. 


EXPLANATION OP PLATES. 

Plate VIIL Forks BESULTiita fbou ELOKaATioK of the 
Preobal Lobe. 

Fig. 1. Pilidium type. 

Fig. 3. Unknown Actinozoan. 

Figs. 3 and 4. Two stages in larva of Onnina, showing method of 
formation of medusit from one primitive form. 

Figs. 5 and 6. Porypha, showing formation of hydroid form.' 
Figs. 7 and 8. Polyzoa. Fig. 7 is early larva of Pedioellina. 
Fig. 8 is a later stage of Loxosoma. 

Fig. 9. Argiope. 

Plate IX. Forks besultikg fbok Elokgatioh of the Oral 

Lobe. 

Figs. 10-14. Varions stages in the development of Serpula. 

Fig. 16. Young egg embryo of Arenicola. 

Fig. 16. Late stage of Thalassema millita. 

Fig. 17. An unknown Annelid larva. 

Figs. 18-19. Two stages of Paludina. 

Fig. 30. Trochosphere of Teredo. 

Figs. 7 and 30 after Hatscheck. Figs. 3 and ,4 from Brooks. 
Figs. 1 and 9 from Balfour. Figs. 18 and 19 from Bltttobli. 



OBSERVATIONS ON SEVERAL ZOOGLOEAE AND 

RELATED FORMS. By WILLIAM TRELEASE, Sc. D.‘ 

While in Baltimore, in January, 1884, I was kindly given 
specimens of several pigment bacteria by Mr. A. L. Webster, 
Fellow of the Johns Hopkins University. These belonged to 
the species described in the following pages as Baoterium 
omrantmeum, B. lutetm,, B. mcamatum and B. candidvm, 

. On my return to Madison, in February, cultures wore at once 
started,' with a view to obtaining material for class use; but 
before they had been continued long, several other interesting 
forms appeared, so that a series of systematic inoculations was 
undertaken, with the result of showing that the several species 
under observation, though often scarcely distinguishable under 
the microscope, reproduce themselves truly, perpetuating certain 
macroscopic characters manifested in the color and form of their 
zoogloea-masses, by which they are as certainly distinguishable 
as species of the higher plants. Although readily recognized, 
however, these species could not be identified with the chromo- 
gene forms recognized by writers on bacteria, because of insufS- 
cient descriptions and the dearth of authentic specimens ; and it 
is not without hesitation that I venture to bestow^ names upon 
them, although it is hoped that the results of this study may 
contribute to their subsequent recognition, whatever names they 
may ultimately bear. 

During the course of my cultures I was favored with one or 
two other forms, notably that described under the name of 
Bacterium molaceum^ by Professor W. G. Farlow, of Harvard 
University, to whom I am also indebted for the exaiccatae 
referred to under several species. When the work was begun 
I was under the impression that all of the forms were introduced; 

‘ The following resoml of some observations made in my laboratory during 
the winter and spring of 1888-4 is, in substance, the same as a thesis in Natural 
History offered to the Academic Council of Harvard University in 1884. 
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bat as it continued, new forms appeared in sufficient quantity 
for isolation, and the fact that they are truly indigenous was 
demonstrated by subsequent cultures undertaken the following 
summer at the Botanic Garden, in Cambridge, Mass., the starting 
point of which was the germs obtained by rubbing slices of 
boiled potato on the floor, in a sink, and in similar places, where 
organic dust could most easily collect. These, when cultivated 
in a building where pigment bacteria have not been kept, gave 
mo nearly all of the forms previously studied, as well as one or 
two others, not isolated in my earlier cultures. 

At flrst various starchy substances were employed as media 
for the growth of the different species, but I finally restricted 
my cultures to boiled potatoes carefully cut in halves, the 
exposed face being inoculated in one or more points by means 
of a needle scrupulously fired before and after each inoculation. 
These were kept in sauce-plates, under inverted tumblers, some 
of which were not disturbed until the end of. the culture, 
while others were opened from time to time for microscopical 
study or for- material to be used in starting new cultures. It 
is needless to say that many of these failed through the intro- 
duction of other germs in one way or another ; but by means of 
frequent transfers, pure cultures of all ages were kept under daily 
observation for about three months. It would have been both 
interesting and instructive to cultivate the species in nutrient 
gelatine, agar-agar, etc., but for various reasons such cultures 
were not undertaken. Fluid cultures, in a study of this kind, 
are of little value. 

Each species was studied in two respects. The texture of the 
zoogloea, and its general form, color and surface markings were 
subjected to frequent examination ; while the microscopic char- 
acters of its component cells were made out under a sufficient 
enlargement by a study of fresh material and of elides stained 
with methyl-violet and prepared according to the^ well-known 
method of Koch. Unlike Basmuseen,* 1 have not noticed that 
this preparation appreciably changes their form or size, and it 
has been constantly employed, all of the figures being drawn 
from freshly prepared methyl-violet elides. These figures, which 
represent very nearly the range of 'variation in the cells, were 


* Cf. Foulsen : Bot. Ceotmlblstt, XVII, Ko. 19, p. 890. 
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drawn with the camera, and are uniformly enlarged 2500 diame- 
ters unless otherwise marked. This was done with a Leitz 
homogeneous immersion and Y eye-piece, illumination being 
afforded by the Abb5 condenser. 

A number of non-pigment species, and of other interesting 
bacteria and yeasts, have been introduced at the end of the 
paper. 

1. Baotbbia. 

Micrococcus^ sp. (Fig. 13). 

The material received from Mr. Webster gave rise, in a short 
time, to a red form, which was afterwards sent me by Dr. 
Farlow. This was supposed to be the well-known Micrococcm 
jprodigiosus (Ehr.), which not ‘infrequently appears upon various 
food substances in Europe ; but it was so badly intermixed with 
Bacterium candidum and several Mucors and other molds that 
few transfers were made, as it passes through an incubation 
period of several days, during which the accompanying species 
invariably overran the culture. Where it succeeded in estab- 
lishing itself it formed small spots of a characteristic color, which 
was always some shade of magenta. The blood-red and orange 
tints which M. prodigiosus assumes under certain conditions of 
the culture medium were never produced, but as the microscopic 
characters of our plant are essentially the same as those of the 
European, it is doubtfully identified with the latter.^ The 
zoogloeae consisted uniformly of nearly spherical cells, .3-.5 // in 
diameter (Fig. 13). It was also obtained in cultures of M. can- 
didus at the Cambridge Garden, in 1883, where it formed fiesh- 
colored or pink dots otherwise similar to those of the latter 
species, but with uniformly smaller cells.^ 

Micrococcus candidus Cohn. 

Among the first species to attract my attention in the cultures 
at the Botanic Garden was one which appeared at first in the 

* For the more important papers concerning M. jprodigiosus and for further 
references, see Freseiiius : Beitrage zur Mykologie, p. 78-80 ; Schroeter : Cohn’s 
Beitrage zur Biologie der Pflanzen, I, Heft 2, p. 100-118; Cohn: op. eit.f p. 
168 ; and Wemich : Cohn’s Beitrage, 111, p. 105-118. 

’Presumably this is the form referred to as M. prodigiosus by Bessey (Bull. 
Iowa Agl. Coll., Nov. 1884, p. 186). 
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form of email milkj dots, scarcely visible to the naked eye, bnt 
which soon increased to about 1 mm. in diameter, and became 
confluent into mammillated masses that ultimately covered the 
potato, when other species were excluded. Though at first 
moist, these soon became dry, presenting a dull chalky appear- 
ance. This form was reproduced through a number of transfer 
cultures made by Miss Isabel Mulford and myself, maintaining 
the same characters. 

The zoogloeae agree essentially with those described by Cohn 
under the above name,^ both in their macroscopic and microscopic 
characters. To the naked eye, or under a hand lens, they are 
very similar to the masses of cells of Saecharomycea glvimia, 
var. eandidua; their cells are almost perfectly spherical, and 
.7-.9 [I in diameter. 

Fresenins* speaks of a white zoogloea occurring on potato, 
which was, perhaps, this species, since Wemich* mentions it as 
one of those which commonly occur on potato cultures in 
Europe, though it is far less frequent with us than several 
others, notably the next. 

Bacterium candidum Treleaso (Fig. 1). 

The species which has provisionally been given this name is 
by far the commonest of those which I have obtained in the 
method mentioned on page 194;. On boiled or steamed potato, in 
a warm place, it appears within 24 hours of the beginning of the 
culture as a white or opalescent zoogloea. 

When conditions are very favorable, and especially when the 
potato is saturated with water, growth is rapid, and it spreads 
as a thin, smooth, opalescent layer, resenibling the potato some- 
what in color, though of a very difierent texture. At first it is 
moist and glistening; ‘as it grows older the moisture disappears, 
leaving a dull surface, which, with increasing age or under the 
influence of drier air, gradually becomes rough, appearing as if 
sprinkled with a snow-white powder. Soon after this mealy 
appearance is observable the zoogloea increases considerably in 

‘ Cohn : Beitrage zur Biologie der Fflanzen, I, Heft S, p. 160. 

*Fresenias: Beitrage aur Mykologie, Heft 9, p. 78, note, and p. 80. 

*'W’emioh : Oohn^s Beitrage, HI, p. IIS. 



ZOOGLOEAE AND BELATED FORMS, 


197 


thickness and b^ns to wrinkle, the folds finally becoming 
veiy prominent. Meantime the snowy appearance gives place 
to a creamy or dnll yellow color, which characterizes the old 
zoogloea. 

These stages may all be seen simnltaneonsly on a large 
specimen. The mealiness is doe to a fine lobation of the 
surface, the several points appearing under a low power much 
like the glistening grains of finely crystallized sugar, but a little 
more rounded. 

The texture of the mass changes greatly during its develop- 
ment. At first watery or but slightly glairy, it soon becomes 
ropy and exceedingly viscid, so that in removing portions for 
inoculation I have several times drawn it into delicate threads 
upward of half a meter in length, extending from the old 
zoogloea to the point of my needle. This substance forms a 
very adhesive paste. 

When kept moist and warm for a week or two, molds being 
excluded, the zoogloea again becomes smooth and glistening, this 
appearance being sometimes confined to a limited area, but 
often extending over the entire mass, which, without losing its 
tenacity, grows somewhat deliquescent, its color remaining 
nearly unchanged. 

In all of these stages the zoogloea consists of a gelatinous 
ground-substance, in which numerous cells are imbedded. These 
are quite uniform in diameter, measuring .6-.8/t. Seen from 
the end they are round (Fig. 1 1) and might easily be mistaken 
for sphaerobacteria ; but from the side they appear ellipsoidal 
or oblong, and vary in length from 1.6-7 though in old, 
deliquescent zoogloeae they may not exceed 1 ft. When in 
active growth they occur singly or, more frequently, in chains 
of from two to six or seven (Fig. 1). When placed in water 
the isolated cells as well as the chains often move actively, 
apparently by the aid of fiagella, though these have not been 
demonstrated. Frequently the long rod-like chains are bent at 
the points of union of the cells. These zig-zag aggregations 
commonly rotate as they move forward, when their motion 
appears to be nndulatory. 

So far as can be made out, the cells consist of a very delicate 
wall (aside from the common embedding mass), with nearly 
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homogeneoiiB protoplasmic contents. The longer rods do not 
always show segmentation, though they are seldom unicellular. 
In some cases staining shows that the protoplasm is collected at 
either end of the cell, the two incipient spores (?) remaining 
connected by a thin parietal layer of the same substance (Fig. 1 a). 

This is one of the most persistent of the bacteria which occur 
on potato. After the first cultures it promptly appeared and 
developed luxuriantly on every piece of cooked potato exposed 
in the laboratory, and intruded into other cultures unless the 
greatest precautions were taken to exclude it ; and it has been 
present in all of the incipient cultures undertaken to obtain new 
forms, both in Madison and Cambridge. Through a hundred 
culture generations or more it has maintained its characters 
unchanged on potato, rice, bread and other starchy substances, 
and can always be recognized with certainty by the naked eye. 
On a piece of boiled red beet the zoogloea was of a deep red 
color, from its saturation with the colored juices, and remained 
moist for an unusual length of time, drying and becoming 
wrinkled and mealy only on the margin ; but new cultures on 
potato, started from this, showed only the ordinary form. The 
species usually passes through its development — exclusive of 
deliquescence — ^in from three to five days. 

It has been statedvthat Fresenius refers to a white zoogloea on 
potato ; and at present it seems to be im|> 088 ible to decide which 
species he had under observation, though I incline to the opinion 
that it was MiorocOccua can<Edua. Zopf^ describes and figures 
a species under the name of Bacterivm tmimcena which is said 
to be obtained with certainty by maintaining slices of cooked 
carrot at the ordinary temperature of a room, care being taken 
not to have them too moist. This species, however, appears 
from the description given by its author to be distinct from that 
under consideration, which it resembles more nearly than any 
other described species with which I am acquainted.’ 

‘ Zopf : Die Spaltpilze, Breslau, 1888, p. 68. 

’ According to Hueppe (Mittheil. a. d. Eaiserl. Gesundheitsamte, II; Abst. 
in Zeitschr. f. wiss. Mikroskopie, 11, p. 110-112), the lactic acid ferment of 
milk appears on solid culture media in the form of glistening white dots, con- 
sisting of cells .8-.4 X t-l>7 hence smaller than those of this species. The 
characteristic surface of the two forms is alw very different. 
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JBacterivm timescens Zopf. 

The apecies referred to under B. candidum, as occurring in 
Germany, was obtained in one of my first trial cultures at the 
Botanic Garden. Appearing at first as semi-fluid dots, less 
opalescent than those of the preceding species, it soon assumed 
the definite wrinkled form figured by Zopf, in which it was 
easily distinguishable from the other by its more yellow color 
and by the entire absence of mealiness. Though efforts were 
made to keep it, it was carried through but a few transfers, in 
all of which, however, it maintained the characters first noted. 
Its cells are considerably larger than those of the last species, 
measuring 1.25-1.75 X 3-6 /a so that they are morphologically 
very similar to those of Bacillm ruher mentioned later. In the 
fresh zoogloea they are always arranged in zig-zag chains. 

Baeterium awantmeum Trelease (Fig. 8). 

This species gives rise to small zoogloeae of considerable size 
in two or throe days after inoculation, at the ordinary temperature 
of the laboratory. Like those of other species these vary in size, 
color and consistence, according to their age and the nature of 
the potato on which they are grown. When this is watery, and 
growth is rapid, the zoogloea spreads as a semi-fluid film, of a 
pale yellow color, approaching orange only in the drier parts ; 
but as it becomes older, and the excess of moisture passes off, it 
grows waxy, and assumes a persistent orange or deep pumpkin 
yellow color. Although Sf slower growth than B. eandidvm^ it 
ultimately covers the potato when other species are excluded. 
In thickness the mass seldom exceeds .5 mm., and has never 
been seen to exceed 1 mm. Its surface does not become at all 
wrinkled, usually remaining smooth or with a slight mammil- 
lation. 

The structure of these orange zoogloeae is essentially similar 
to that of B. ca/ndid/umy and their cells, which are sometimes 
single, sometimes aggregated in chains of several articles, like- 
wise have the power of locomotion when placed in water. In 
form they are ellipsoidal or oblong, the longer rods often being 
constricted at points where they are not obviously septate until 
stained. Their diameter is appreciably smaller than that of the 



200 


WILLIAM TRELEA8E. 


other species of the genus already referred to (Fig- 8), nsnally 
measnring .4-.5 /t-^less commonly reaching .7 {i. They are also 
rnther shorter, as the length of representative cells varies between 
1.2 and 2 [t. In older zoogloeae their protoplasm generally 
collects at the ends of the cells, as is shown especially well 
after they are stained. Central spores are also not infrequent 
(Fig. 8 4 

Beside the distinctions already mentioned this species also 
differs in a notable manner from most of the others studied, in 
that it is colored much less readily by methyl-violet, so that a 
more concentrated solution or a longer exposure to its action is 
required to stain its cells to the same degree. 

In speaking of Miorococcua prodigiosua Fresenins' mentions 
orange spots on cooked potato, which consisted of cells resembling 
those of that species, but slightly larger and more sharply out- 
lined. A name was not given to this form, however, nor was it 
further characterized. 

Twenty years later, in his paper on bacterian pigments,* 
Schroeter refers to apparently the same thing,.which appeared, 
at first, as little spheres of the size of pin-heads, but spread con- 
siderably as they grew old. These were composed of micrococ- 
coid cells, devoid of the power of locomotion, from which 
circumstance, and its color, the species was called Bacteridivm 
aurantiacum} 

Cohn describes the same form as it appeared and was culti- 
vated in his laboratoi^.^ In accordance with his system of 
classification the species was transferred to the genus Miorocoo- 
etta, still bearing the specific name given it by Schroeter. The 
cells are described as occurring singly, in pairs or in chains of 
three or more, and have an oval outline, measnring 1.5 ft. 

Seven years later, Wemich found the species in the same 
laboratory, in his cultures of M.prodigioattaf and it seems to be 
of not infrequent occurrence in Europe, as a beautiful slide of it 
has been recently sent out by Fischer (Fig. 10), and what appears 

‘Fresenios: Beitriige zor Hykologie, Heft S (18S2),p. 60. 

* Schroeter: Cohn's Beitriige, I, Heft 3, p. 119. *1, e., p. 186. 

* Gohn : BeitiSge zur Biologie der Pflanzen, I, Heft 8, pp. 189, 164. 

* Wemich : Cohn’s Bettrage, III, p. 116. 
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to be the same thing was distributed by Von Thuemeu,' finder 
Cohn’s name. 

These specimens are all described as being sphaero-bacteria^as 
I have found the last two to be, by examination ; and while the 
pigments formed are similar, the European species and that 
which I have grown are evidently very distinct in the character 
of their cells. As the American form has produced only elon- 
gated cells through many cultures, it is improbable that it will 
ever be shown to have a genetic connection with the similarly 
named MicrocooctcSj which Zopf* includes among those species of 
which only cocci are known. 

Bacterium Vuteum Trelease (Fig. 2). 

Next to B. candidum this is the most readily obtained of all 
the species studied, and may be started at any time by rubbing 
slices of potato on a dusty floor.* Its growth is usually rapid, so 
that within 40 hours of the time of starting a culture a con- 
siderable surface of the potato is covered by the young zoogloea. 

On boiled or steamed tubers this appears at first almost fluid, 
and is nearly colorless; but after growing for a short time, 
especially if the air is moderately dry, it becomes denser and 
waxy, slightly more coherent than B, aurantiacumy but without 
the viscidity and ropiness of B. oandAdum. TMs condition^ is 
assumed more promptly on baked potatoes, owing to their drier 
substance. 

After this, the zoogloea, now 1-3 mm. thick, becomes deeply 
and finely wrinkled, the ridges forming a network .1-.5 mm. 
high, with meshes of about the same width. Occasionally the 
surface is tenacious enough to be raised in this process, when it 
remains for some time as a thin film, stretched from one ridge to 
another, so that the mass may appear frothy. 

It will be seen that although wrinkled, this species differs 
much in appearance from B. candidv/niy the different character 


* Von Thuemen; Mycotheca Univerealis, No. 1700. “Austria inf.: Wien, in 
070 gallinaceo, interdum socia Bctcterii Urmo Ehrbg., Sept. 1879. 

•Zopf : Die Spaltpilze, p. 95. 

•1 suspect that it is this which.Bessey (Bull. Iowa Agl. Coll., Nov. 1884, 
p. 185) refers to Micrococcus luteusy Cohn. 
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of the, corrugations and the entire absence of mealiness affording 
distinctive characters. In color it is usually quite as distinct. 
Barely, it remains for a time of a pale yellowish-white hue ; but 
as a rule, even before the surface has begun to wrinkle, it passes 
into a clear lemon-yellow. 

Within two or three days after its first appearance the zoogloea 
has usually passed its prime and changed to a yellowish-brown, 
which soon deepens to a very dark brown, with such an admix- 
ture of red as to render it almost a dull maroon. This color 
persists indefinitely, even on specimens which have been dried 
in situ. 

The cells of this species vary from short ellipsoids to rods with 
their diameter and length in the ratio of 1:10 (Fig. 2) ; the 
measurements being .35-.5 X -8-3 /Jt. The short articles are 
evidently unicellular. Those which are longer are sometimes 
constricted at equal intervals into two or four segments ; some- 
times, as with other species, apparently undivided. In old 
zoogloeae the cells are regularly shorter, forming the so-called 
gonidia, or their protoplasm collects at the poles preparatory to 
the formation of spores, which are similar in their arrangement 
and appearance to those of the last species. 

In the connection already referred to,^ Fresenius speaks of 
bright yellow zoogloeae on potato, which may have belonged to 
the species under consideration; but there are several things 
which may give rise to an appearance such as he describes. 
According to Wernich,* Bacterium tenmo sometimes forms a 
yellow slimy coating, often 2-3 mni. thick, on the same sub- 
stratum. Sardna ventriculi^ a related plant frequent in certain 
diseases of the stomach, as well as in other fiuids, may also grow 
on potato, where it forms chrome-yellow masses; while on 
vegetable and animal infusions it may appear as a yellowish 
surface film.* 

While the reference of Fresenius is too vague to admit of 
comparison, our species may be distinguished from those forms 
of B. termo which I have seen by its wrinkled zoogloea and 

> Fresenius : Beitrage zur Mykologie, p. 80. 

* Wernich: Cohn’s Beitrage, III, pp. 107, 118. 

*Cohn : Beitrage zur Biologic der Pflanzea, I, Heft 2, p. 189 ; Sohroeter : op. 
eit., p. 119, note; Zopf : Die Spaltpilze, p. 91. 
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slightly different cells; and it differs greatly in the latter 
character from Sarcma. 

Schroeter* found two pigment bacteria which more nearly 
approach our form. One of these, for which he proposed the 
name BacUfnAvvm lutevm? and which was subsequently removed 
to the genus Microcoecm by Cohn,* was obtained on cooked 
potato, where it formed small yellow drops, and showed itself 
susceptible of culture in fluid media. The other 6pecies,«which 
Schroeter names BacUfrivm mnthinvm,* but considers identical 
with that previously called Vibrio synscanthtia by Ehrenberg,* 
has been repeatedly observed on cooked milk in Europe,* but 
can also bo grown on potato, etc., where it forms small lemon- 
yellow zoogloeae. Zopf regards these two species of Schroeter 
as probably forms of a single species. 

Measurements are not given in the descriptions of M. 
but its cells are said to be ellipsoidal and somewhat larger than 
those of M. prodigiosus. Specimens distributed under this name 
by Winter’ show round, somewhat ellipsoidal and oblong cells, 
measuring .8 X -8, 1.4 X 1-4 or .8-1 X 1.3-2.8 n (Fig. 17). 
Presumably the latter belong to Bacterium termo, as the 
specimen was taken from rotting potato. Bacterium eynxanthvm^ 
which is said to be morphologically identical with B. termo^ so 
far as its cells are concerned, is .7-1 ji long. The diameter of the 
cells is not given, but comparisons which are made with other 
species, e. g. B. lineola^ would place it at about 1 /i, so that it must 
agree closely with Micrococeua luteua in this respect, as I have 
found it to do with what passes for B. termo. It will be seen, 
therefore, that the cells of both of Schroeter’s species have a 
diameter nearly three times as great as those of that which I have 
cultivated. 

* Schroeter : 1. e., p. 119-128. *2. e., p. 126. 

*0ohn : Beit^ge, I, Heft 8, p. 158. H. e., p. 120. 

'Bhrenberg: Ber. Verhandl. Berlin. Akad., 1840, p. 202. 

* Cf, Zopf : Die Spaltpilze, p. 96.- The species which produces a blue pigment 
in milk also forms yellowish or greenish-yellow zoogloeae on solid media, accori- 
ing to Hueppe (of. Zeitsohr. t wiss. Mikroskopie, II, 118), but these differ in 
their microscopic characters. 

*Von Thuemen: Mycotheca Universalis, No. 1400.— Helvetia, Zurich, in 
Sblani iuberosi L., tuberis pntridis. Jan. 1879. 

* Winter : Babenhorst’s Eryptogamen Flora, I, p. 62. 
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While writing this paper I have received Fonlsen’s abstract 
of a paper by Basmussen/ in which an unnamed Baeterinm is 
said to form a yellow coating on culture media, on which it 
spreads rapidly. The cells of which this is composed are .6-.8 n 
long.’ Mioroeocoua httem is said to have been frequent in the 
same series of cultures, so that it must, have been distinguished 
from the Baoterivm, which is distinctly said to be different 
from ‘B. xanthimm,^ though it is designated simply as !No. 2.” 
Without a fuller description it is impossible to say whether this 
is identical with our form or not; but it is so similar in the 
character of its cells that this may prove to be the case. 

In this connection attention may be called to the somewhat 
different Poh/bacteria sulfnrea of Yan Tieghem,* which is said 
to consist of rounded or .angular groups of sulphur-yellow cells, 
forming a surface film on a)i infusion of decaying beans. 

Baeteriwm, eMormum (Cohn ?) Trelease (Fig. 16). 

This species appeared as a number of greenish-yellow points 
on boiled potato, in a culture of the Baltimore material, started 
for B. auraniiaoum, and was afterward encountered in some of 
the Cambridge specimens. Transfers gave rise to zoogloeae of 
1-2 sq. cm., which, li^e the original drops, were at first glistening 
and slightly moist, but soon became waxy and dull on the baked 
potato on which they were grown. Specimens that were under 
observation for over a month preserved the same greenish-yellow 
color, which merely deepened a little with age. Their surface 
remained uniform, without any wrinkling. The cells of which the 
masses consist are shorter than in either of the preceding species 
of Bacterium, being broadly ellipsoidal or short cylindrical in 
form (Fig. 16). The measurements noted lie between .4 x .8 and 
.6x1.6//. 

Schroeter appears to have been the first to notice green 
zoogloeae, during his work on pigment bacteria; but they were 
very poorly developed, so that nothing but a discoloration of the 

/ Basmussen : Om DjrrkniDg at Mikroorganismer fra Siiyt af sunde Menneaker. 
Dissertation, Copenhagen, 1888. Abetrabt in Bot. Oentralblatt, XVII, Kos. 
12, 18. 

* Bot. Oentralblatt, 1884, XVli, p. 416. 

* Van Tieghem ; BuU. Src. Bot. de France, 1880, XXVII, p. ISO. 
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potato they appeared on was seen.^ Shortly afterward, Cohn 
obtained what he considers the same thing on cooked eggs, and 
in albnmen which had undergone putrefaction, from which it was 
transferred to other culture media. Without giving an adequate 
description of it, Cohn named the species Micrococcus chhrinus^ 
placing it among his sphaerobacteria. 

Subsequent writers have added little to our knowledge of these 
green zoogloeae. Zopf ^ states that the species of Cohn some- 
times occurs in pus, — apparently on the authority of Girard or 
Gessard,^ whose papers I have not seen ; and Rasmussen^ also 
speaks of a yellowish-green Bacterium No. 1,” with somewhat 
fusiform cells, .6-.8 (jl long, as possibly identical with it. 

Although the cells of our species are not much elongated, it is 
properly a Bacterium; but there seems to be some probability 
that it does not differ specifically from the Micrococcus chlorinus 
of Cohn, BO that his specific name is retained. 

Other green bacteria are Bacterium aeruginosum^ Schroeter,® 
which has been found in bluish-green pus, and may have some 
connection with Micrococcus j^ocyamms^ Gessard (Z. t?.) ; and two 
species found in impure water by Van Tieghera,’ which were 
named by him Bacterium viride and Bacillus virens. It should 
be noted, however, that the latter species is apparently more 
properly one of the Cyanophyceae than a bacterian, as it is 
closely related to certain minute forms of this group which are 
questionably known under the names of Leptothrix^ JSypeothrix^ 
Sjporonema^ Osdllariaj etc. 

Bacterium violaceum Bergonzini (Fig. 9). 

On several occasions I was kindly supplied with material of a 

' Sohroeter : Cohn’s Beitrage, I, Heft 2, p. 122. A green or yellowish-green 
discoloration is also caused in solid media, when these are used for the cultivation 
of the blue-pigment species of milk, according to Hueppe. Cf- Zeita f. wiss. 
Mikrosk., II, 113. 

* Cohn : Beitrage zur Biologie der Pflanzen, I, Heft 2, p. 155. 

* Zopf : Die Spaltpilze, p. 90. 

^Girard : Chir. Centralblatt, 1875, II, p. 50. Gessard : De la pyocyanine et 
de son microbe. Thesis, 1882. 

* Rasmussen : Om Dyrkning af Mikroorganismer, etc., fide Bot. Centralblatt, 
XVII, p. 416. 

^Schroeter: Cohn’s Beitrage, I, Heft 2, p. 126; Cohn: op. eit., p. 178. 

.^Van Tieghem : Bull. Soc. !^t. de France, 1880, XXVII, p. 174-9. A green 
form found in water is also mentioned by Hueppe, L e., p. 114. 
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brilliant violet zoogloea by Dr. Farlow, in whose laboratory it 
appeared spontaneously. Cultures werei started with difSculty, 
from the fact that this species, like Micrococcus prodigioms^ 
passes through a short incubation period, during which other 
forms crowd in unless the most scrupulous care is exercised to 
exclude them. 

Unlike most of the species mentioned in this paper, this is very 
sensitive to the light, and it is not uncommon to find it well 
developed on the lower side of a piece of potato, which gives no 
indication of its presence above. The zoogloea, which is smooth 
and wtoy, like that of the last species, consists of very small 
oblong cells, measuring .3-.4 X .6-1.6 fx (Fig. 9). 

What appears to be the same thing was found on white-of- 
egg by Bergonzini,^ who describes its cells as measuring .6-1 X 
2-3^1, and gives it the name which I have applied to the Ameri- 
can species, in spite of the smaller size of the latter. Zopf also 
describes a violet species under the name of Bacterium ianthU 
num^ which does not appear to be snfiiciently distinct. 

The only other violet species is one which Schroeter® found on 
potato, and which he named Bacteridium violaceum} Its cells 
are said to be elliptical, frequently joined together in chains. 
Schroeter’s cultures do not seem to have succeeded well, and 
Cohn, who transferred the species to the genus Micrococcus^ had 
not cultivated it ; nor do I find any record of further observations 
on it, although it is mentioned in all of the recent attempts at a 
systematic arrangement of the Schizophytes. While it cannot 
be said to be certain that the forms found by Schroeter and 
Bergonzini are distinct, the different solubility of their pigments, 
mentioned by the latter, and the apparent difference in their 
cells, is a sufficient warrant for holding them apart until they 
can be shown to be identical. 

The only other species which form pigments at all similar to 
that of this species are the bluish-green species already referred 
to as occurring in pus, and a blue species found in milk f but 
neither of these can be confounded with the violet forms.^ 

> Bergonzini: Annuario, Soc. dei Natozalisti in Modena, 1880, XIV, p. 149. 
Abst. in Bot. Centralblatt, 1880, p. 1628-80. * Zopf : Die Spaltpilze, p. 68. 

^Schroeter : Cohn’s Beitr^e, I, Heft 2, p. 124. c., p. 126. 

* For literature see Zopf : Dio Spaltpilze, p. 68. ^ 

*Hueppe (L e., p. 114) mentions a species found in water, which produces a 
violet or blue-black pigment, and may 1^ identical with our plant. 
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Bacterium meamatum Trelease (Fig. 8). 

Two browniBh forms were found first in Baltimore, and 
again in Madison and Cambridge. One of these was of a deep 
brownish flesh color ; the other was mnch paler. 

On a moist boiled potato the development of the zoogloea 
begins soon after inoculation. At first, liko several of the other 
species referred to, it spreads under these conditions as a watery 
slime nearly devoid of color. Its later growth is ‘usually less 
rapid than that of B. eandidum, luteum or auromtiaoum ; but 
within a few days, if conditions are favorable, it has assumed a 
smooth form much like that of the last-named species, and a 
similar waxy texture. Meanwhile its color deepens, until finally 
a shade is reached vai 7 ing in the difierent cultures from dirty 
flesh-color through a brownish pink to a deep red-brown. The 
final color persists for a long time. As in B. luteum., the depth of 
color is mainly a matter of age, though the very pale and very 
dark forms in both appear to a certain extent to transmit their 
color peculiarities, irrespective of the condition of the potato on 
which they are propagated. 

The cells composing these masses (Fig. 3) are much elongated 
and not obviously segmented; or shorter, when they have a 
broadly ellipsoidal form. Measurements range between .35 and 
.45 n for their diameter, and .8 and 2 ft for their length. Tho 
cells of old zoogloeae contain spores .32-.4ju in diameter, not 
distinguishable, so far as I could see, from those of the species 
already described. 

No description fitting this species has been found. BaeUlm 
erythroeporue Cohn,^ which appeared in water containing albu* 
minoids, and Beggiatoa roeeo-persicina (Eiitz.) {Claihrocyatia 
roaeopereioiTia Auct.),* which is extremely common on salt 
marshes along the coast in summer, and causes considerable 
trouble by inducing a slimy decomposition of salted codfish,* 
although they may be red in one or all stages of their develop- 
ment, are very different. Cohn* gives a description, accompanied 

> Cohn’s fieitrage, I, Heft 8, p. 815-6 (Eidam) ; Miflet: op. eit., lU, p. 188; 
Winter : Bsbenhorst’s KT;ypt Flora, I, p. 66. 

'For literature see Zopl : Die Spaltpilze, p. 78-80. 

'Farlow : Bept. U. S. Fish Comm., 1878, p. 969-978 ; 1879, p. 80. 

'Cohn : Beitrage zur Biol, der Pflanzen, I, Heft 8, p. 181, pi. 6, 1. 18. 
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by figures, of Microcooeua fuJ/ma^ which occurs in rusty red drops 
on horse dung; but his account and specimens distributed by 
Eirchner' do not agree with the form on potata Mioroeoeeua 
jprodigioauay mentioned above in this paper, is also very different, 
though of a red color. Several plants, at present classed with 
the Saccharomycetes, will be considered later as forming red 
masses ; but all are very dissimilar to the species under consid- 
eration. 

Schroeter* noticed a brown pigment in a decoction of com and 
wheat seed as well as in water that potatoes had been cooked in. 
The former contained quiescent cells ; the latter swarmed with 
a Bacterium aud long Vibrios. Without characterizing it he 
’ suggests* that a BaeteriMmn Inmnmm is probably to be recog- 
nized in addition to the other pigment species. 

Cohn^ and Frank describe and figure a plant under the name 
of JBaciUm ruler which was obtained on cooked rice, on which 
it formed a vermilion or brick-red coating. Measurements are 
not given, but from the figure it appears that the cells of this 
species are slender, their length being 5 to 35 times their 
diameter. Specimens distributed by Dr. Frank,' the discoverer 
of the species, vary from broadly ellipsoidal to linear, thus 
agreeing very nearly in form with our plant ; but they are at 
least twice as large, measuring 1-1.6 X in the specimen 

examined (Fig. 15). Winter,' who apparently studied the same 
exsiccata, gives the diameter of the cells as nearly 1 ;u, while their 
length is 3-4 or even 6 or 8 /k. 

Until this difference in size has been shown not to be charac- 
teristic, it appears sufficient, in connection with the difference in 
color, to warrant the separation of our form as a perfectly distinct 
species. It will be understood that neither of these species has 
anything in common with Cladothrix.) CrisnothriXf etc., which 
are colored brown by a deposition of hydrate of iron in their 
walls ; since they owe their color to a true organic pigment of 
their own formation. 

* Babenhorst’s Alg. Eur.5 No. 9(f01. 

* Schroeter : Cohn’s Beitrage, I, Heft 3, p. 136 ; Cohn : l.e., p. 157. 

*1. e., p. 186. 

*Cohn : Beitnige zui Biol, der Pll., I, Heft 8, p. 181, pi. 6, f. 17. 

'Babeuhont’s Alg. Bor., No. 3441. 

* Winter: Babenhoist’s Kiypt. Flora, I, p. 66. 
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Bacterium Efitz (Fig. 11). 

t 

A minute colorleBs plant was found at Madison, by Mr. L E. 
Fammel, among various Chroococcaceae, Falmenaceae and 
Desmids, in ditch water. Its cells vary from nearly round to 
broadly oblong, and are by no means uniform in size, measuring .8 
X 1.2 // — 1.5 X 2 /<. They divide in two planes at right angles 
to each other, so as to form ultimately small fronds consisting of 
a single layer of cells, as in Meriamopedia. The division of the 
different cells of the same set is not synchronous, however, as in 
that genus; hence the frond is not usually composed of as regular 
tetrads (Fig. 11). 

In its general characters this plant approaches several forms . 
which are usually classed with the Cyanophyceae, under the 
genera Meriamopedia and Sarcina. So far as can be seen it is 
identical with that known as Meriamopedia hyalina, Ehtz.* 

Zopf has recently shown’ that in this species the cells divide 
in but one plane, at certain seasons, thus forming moniliform 
threads containing, now and then, elongated cells. Irregnlar 
zoogloea masses are also figured by him. In view of these facts 
the species has been named Bacterium meriamopediodea by 
Zopf. 

Although only merisraopedioid colonies and isolated cells have 
been found at Madison, there is little doubt of the identity of the 
American and German forms ; but in deference to the views of 
Winter and others on synonymy, I have retained for the species 
the specific name given it by Eutzing, while placing it in the 
genus h> which Zopf transferred it. 

CladothriK dichotoma Oohn (Fig. 5, 12). 

While examining a fresh-water Cladophora, collected at 
Cambridge, in the fall of 1881, 1 noticed that many of its cells 
were covered by small colorless bodies, 6-10 (I long and 2-5 ft in 
diameter. Their form suggested certain species of Falmollaceae 
of the genus Charamm.^ which are common in similar situations ; 
but a sufficiently high power showed them to be in reality small 

’Klitzing: Tab. Phjoolog., T, pL 88, f. 1. 

'Zopf; Sitzber. bot. Vereias Ptor. Brandenburg, June, 1883 ; Die Spaltpilze, 
p.06,f. 18. 
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zoogloea masses, composed of colorless cells, .3-.5 fi in diameter, 
and usually 1.5-2 // long, which lie in regular succession — the 
result of transverse division (Fig. 12). Some of these bodies were 
more or Icsd broken, the liberated cells swimming about singly 
or in short chains, but I was unable to see the latter in the act 
of escaping. The zoogloeae were sometimes accompanied by 
leptothrix filaments, of about the same diameter as their cells 
and of difierent lengths, which appeared to be forms of the same 
species. 

The same season some mud from a pond at Woods Holl, 
Mass., was kept under observation for several months. Among 
the Desmids and other minute algae which grew in the water 
covering it, many dendritic brown bodies, .1-.2 mm. long, were 
found (Fig. 5). These bodies, which were also zoogloeae, con- 
sisting of ovoid cells not far from .8 // in diameter and 1 /i long, 
agree perfectly with what is known as Zoogloea ramigera 
(Itzigs.),' which is now recognized as a form of Gladothrix dicho- 
tom^a Cohn.^ The characioid zoogloeae are similar to one figured 
in 1877 by Oienkowski, and shown to belong to the Gladothrix 
just mentioned.* 

The brown color of the branched zoogloea is due to a deposi- 
tion of iron hydrate, which also colors a related species — Greno- 
thrix kuhniana (Kabh.) — that has been quite troublesome by 
forming flocculent brown masses in the water-jars and wash- 
bottles of my laboratory for the last year or two. 

Typical Gladothrix threads, showing the false branching 
characteristic of the genus, were not noticed in connection with 
either of the described zoogloeae ; but they have been repeatedly 
observed both at Cambridge and Madison, the species being, as 
in Europe, the commonest of fresh-water bacteria. 

Leptothrix huccalia Bobin (Fig. 7). 

For several years I have been a forced observer of certain 
small zoogloeae that form in the vicinity of the human pharynx, 
especially during a “cold in the head”; apparently living on 

' Gf. Koch : Cohn’s Beitrage, II, Heft 8, p. 414, pi. 14, f. 1-2. 

’ Zopf : Die Spaltpilze, p. 85. 

‘Cienkowski: Mem. Acad. St. Pdtersb., XXV, pi. 1, f. 24; Zopf: Zur Mor- 
phologic der Spaltpflanzen, I, Die Spaltpilze, pp. 28, 83. 
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the discharged mucus. These bodies often cause an irritation 
similar to that occasioned by a crumb lodged near the posterior 
nares, and their protected position generally renders their 
removal difficult, a vigorous and prolonged rasping of the throat 
alone sufficing. Sometimes only one can be removed: at other 
times, especially after a protracted cold, several are dislodged. 

The fresh zoogloea (Fig. 7a), which is well marked in the 
uniformity of its characters, is 1-3 mm. in diameter, rounded, 
but divided into several large lobes by shallow sinuses. Its 
surface is uniformly and finely granular under a lens. In color 
it may be described as dirty-white, and its texture is farinaceous, 
much like that of germinated malt at the time it is killed. It 
emits an extremely disagreeable odor, like that of teeth affected 
with caries. Left exposed to the air it quickly dries into a 
yellow horny mass, which soon becomes quite odorless. 

As far as I can determine, these bodies do not cause the 
catarrhal affection they accompany, but live merely as sapro- 
phytes on. the abnormally abundant secretion of the infiamed 
mucous membrane, though their presence appears to prolong the 
disorder. The sinuses referred to apparently indicate the com- 
mencement of division, by which the number of the bodies is 
increased. 

Several morphologically distinct cells have been noticed in these 
zoogloeae. That which is most abundant and apparently char- 
acteristic consists of cocci or rods, .25 // in diameter (Fig. 75, c). 
The rods, which occur singly or in chains, vary in length from 
1-3 //. Both forms agree with states of the common Leptothrix 
of the mouth, which has been shown to be the cause of decay in 
the teeth, ^ and the pharyngeal zoogloeae are unquestionably a 
well-marked form of that species. 

2. Saooharomyoetes. 

Saccha/romyces glutinu (Free.) (Fig. 6). 

During my cultures of bacteria, a semi-fluid claret-colored drop 
was detected on some corn-starch paste which had been inocu- 
lated with Micrococcus prodigiosus. Some of this drop was 

> For a very good account of this species, with references to important papers, 
see Zopf : Die Spaltpilze, p. 80-33. 
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promptly transferred to baked potato, where it developed rapidly, 
forming an irr^alar granulated heap a little under 1 cm. in 
diameter and 1-2 mm. thick, of a decided red color, somewhat 
different from that of the original drop. The thicker parts soon 
dried at the surface, becoming somewhat crumbly and paler, 
when their appearance was such as to recall dried bits of the 
carmine plaster-of- Paris injecting-mass sometimes used by 
anatomists. The plant obtained in this way maintained its 
characters unchanged through many culture generations ; but it 
spread more rapidly and retained more moisture when grown on 
boiled po^to than when the drier baked potato was used, and in 
cases of luxuriant development was of a pure vermilion color. 
In one culture, with a night temperature considerably below 
60° F., and a day temperature of 68°-70° F., it had spread over 
the entire cut surface of half a large potato, from a few small 
centres of inoculation, in less than five days. In some places it 
was uniformly smooth, but in the main presented a slightly 
mammillated appearance that I had before noted as rather 
characteristic. 

This red substance consists of isolated cells 2-5 fi in diameter 
(Fig. 6), nearly globular, or slightly ellipsoidal where growth is 
active. Each cell has a thin colorless wall, enclosing a mass of 
homogeneous protoplasm that either entirely fills it or forms a 
parietal layer about one or two vacuoles. In old or diseased 
cells the protoplasm is usually granular. When vacuoles are 
present they are generally excentric. A dot of protoplasm, more 
refractive than that about it, can usually be seen in the thicker 
part of the parietal layer, or somewhere near the wall when there 
are no vacuoles. Sometimes there are two of these nucleoid 
bodies, which are .3-.8 [i in diameter.^ 

At some point, which apparently has no relation to the position 
of the nucleoid dot or the vacuoles, a hemispherical protrusion 
appears on the surface ^of the cell. At first measuring scarcely 
.5 fi, this grows until it reaches a diameter approximating that of 

' These are well shown in' Cohn’s figure of this species— Beitrage, I, Heft fi, pi. 
8, f. 6. On the doubtful occurrence of true nuclei in yeasts see Schmitz : Sitz- 
ber. niederrh. Qes. fiir Nat.- und Heilk. , August 4, 1879, and Just’s Bot. Jahresber., 
1879, Abth. I, p. 8 ; and Strasbuiger : Zellbildung und Zelltheiluug, 1880, 
p. 67fi. 
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the original cell, meantime rounding off until it finally aeparateB 
as a new cell. Usually the separation occurs when it has reached 
a diameter of about 2 so that it is not common to find two 
large cells adherent. More than two have not been seen united. 
A nuclear granule may be detected in the young cell soon after 
its appearance as a bud, in some cases; but in others no trace of 
it is to be found. 

This plant, which is characterized as a yeast by its budding, 
agrees perfectly with the form known in Europe as Saocharomy- 
cea glutinis} 

In a thesis on the organisms of beer and beer-wort, Hansen^ 
mentions three red ferment fungi.* One of these is identical 
with the Fresenian species ; a second, which produces ascospores, 
is held to be distinct ; while the third, which does not form 
spores, is said to develop a sort of mycelium when insufficiently 
nourished, this, as well as the mother-cells, budding when trans- 
ferred to a good culture-fluid. From this it will be seen that 
several species have apparently been confounded under the spe- 
cific name given by Fresenius ; but, so far as can at present be 
determined, the American species is identical with that to which 
Cohn applied this name in removing it from the old genus. 
During the past winter, a form of the same species was found on 
rotting turnips, thriving in a cellar at a temperature little above 
the freezing point. Its cells resemble closely those figured by 
Fresenius. 

The remarkable reddish 8. coprogenua Sacc. & which 

forms a waxy layer on fermenting human excrement,* should be 
mentioned in this connection, though entirely different from the 
plant under consideration. 

SaccJiaromycea glutinia (Fres.), var. candidua Trelease (Fig. 6 a). 

Some time before the typical 8 . glutinia was observed, several 
white spots appeared on a slice of boiled potato, near a culture 

* Fresenius : BeitrSge zur MykoL, pp, 77-8 ; Schroeter : Cohn’s Beitr^e, I, 
Heft 2, p. 110, note ; Cohn : op, ciU, pp. 187-i, 209, pi. 3, f. 6, etc. It should 
be said that Fresenius’ figures (pi. 8, f. 48-6} show more elongated cells than 
those of Cohn. 

* Hansen : Organismer i 51 og olurt, Copenhagen, 1879, p. 62-76, pL 2, f. 1-44. 

•(7/., also, Basmussen’s paper referred to above, and the abstract in Bot. 

Centralbl., XVII, p. 891-2. 

*Mycotheca Veneta, No. 1584; Fungi Italici, f. 911 ; Michelia, II, p. 287. 
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of Bacterium aurantiacum. They were at first less than .5 mm. 
in diameter, nearly hemispherical, and moist. In a few days a 
number of these spots, now measuring 1 mm., had become con- 
fiuent, forming a mass about 7 mm. in diameter, but not above 
1 mm. thick ; while others, situated at a little distance, remained 
distinct and maintained their hemispherical form. Meantime 
their surface had become dry, and presented a chalky appearance. 
It was also regularly roughened by low rounded granulations. 
Particles of the chalky mass crumbled to powder under the 
slightest pressure. 

The characters of this form were perpetuated unchanged 
through a number of transfers; but it was observed that on 
soggy boiled potato development was more rapid, so that a half 
potato was nearly covered in a few days, when kept at a suitable 
temperature, nor did the mass become so dry and pulverulent. 
From first to last it presented a close resemblance to Micrococcua 
candidua^ as this was subsequently observed. 

The microscopic characters of these white specimens are iden- 
tical with those of Saccharomycea glutinia. They consist of the 
same round or slightly elongated colls, which possess nucleoid 
dots, which may or may not have their protoplasm interrupted 
by vacuoles, and which bud precisely like those of the red yeast, 
with which they also agree in size (Pig. 6 a). 

Notwithstanding the apparent morphological identity of this 
plant with the species of Fresenius, it constantly remains color- 
less, while the latter develops its pigment, when both are grown 
on halves of the same potato and under precisely similar con- 
ditions. This feature, the constancy of which renders its iden- 
tification easy, characterizes it as a distinct species, or, as I prefer 
to consider it, a well-marked variety of S. ghitinia. It is pre- 
sumably a Torula in the sense of Pasteur and Hansen.' 

At one time a dirty-white waxy spot, about 5 mm. in diameter 
and one or two millimeters thick, was noticed on a slice of 
steamed potato. In some respects it resembled the white yeast 
just described; but, aside from its color, it was readily distin- 
guishable by the peculiar appearance of its surface, which, 

‘ Of. Hansen : Meddelelser fra Carlsberg Lab., II, 2, 1888, p. 48 et aeg. of 
resumS. 
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covered by salient points, resembled the hymenium of certain 
species oi Hydnum. 

The microscope showed that it was composed of two apparently 
distinct parts: 1, a yeast somewhat larger than 8. glutinia^ and 
differing from it in the more irregular form and greater coherence 
of its cells (Fig. 4); and 2, a segmented mycelioid growthj which, 
however, was readily separable into its component cells (Fig. 14). 

This was evidently a form of Oidium lactia Fres., a species 
very common in sour milk and in the film on the surface of 
souring fluids.^ The growth of its threads, carrying up the 
surrounding yeast cells, was undoubtedly the cause of the toothed 
surface of the mass ; but the material was lost before it had been 
sufficiently studied. Similar pointed outgrowths are figured by 
Hansen.^ 

DESCRIPTION OF THE PLATES. 

Fig. 1. Bacterium candidum Trelease, from specimens- grown 
from Baltimore material, g, beginning spore formation, cell as 
seen from the end (X 2500). 

Fig. 2. Bacterium luteum Trelease, long and short rods, cocci 
and spores, from cultivated specimens (X 2500). 

, Fig. 3. Bacteri.um incarnatum Trelease, from Madison cultures-^ 
vegetative cells and spores (X 2500). 

Fig. 4. Saccharomyces sp., occurring with Oidium^ in hydnoid 
mass on potato (X 2500). 

Fig. 6. Cladothrix dichotoma Cohn. “ Zoogloea ramigera,” culti- 
vated from Woods Holl material, g, ( X 425) ; 5, isolated cells 
(X 2500). 

Fig. 6. Saccharomyces glutinia (Fres.). a, from var. candidus 
(X 2500). 

Fig. 7. Lqptothrix luccalis Robin, from human pharynx. 
G, zoogloea (X 4). 5, rods, cocci and spores, c, larger rods and 
spores from the same zoogloea (X 2500). 

Fig. 8. Bacterium aurantiacum Trelease. g, from living speci- 
mens. 5, from the same slide, stained with methyl violet and 
mounted in benzol-balsam, c, d^ sporiferous (X 2500). 

Fig. 9. Bacterium violaceum Bergonz., from Cambridge material 
(X 2500). 

* Cf. Cietikowski : Die Pilze der Elahmhaut. — Melanges Biologiques, VlII, 1872, 
p. 666-692, pi. 1-2. 

* Hansen : Organismer, pi. 1, f. 8. 
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Fm. 10. Micrococcus aurmtiacus (Schr.), from one of Fischer’s 
slides (X 2500). 

Fio. 11. Bactmwm hyaUnum (Khtz.), from specimens gathered 
at Madison ( X 2500). 

Fio. 12. Gladothrix dichotorm Cohn. Charaoioid zoogloeae 
gathered at Cambridge (X 2500). 

Fio. 13. Micromccua prodigiosus (Ehr.), from slide by Fischer, 
agreeing with Cambridge specimens (X 2500). 

Fig. 14. Oidium lactis Free., from hydnoid zoogloea (X 570). 

Fig. 15. Bacillus ruber Cohn and Frank, from specimens in 
Babenhorst’s Algae Enropaeae (X 2500). 

Fig. 16. Bacterium cklorinum (Cohn ?) Trelease, from specimens 
cultivated at Madison (X 2500). 

Fig. 17. Micrococcus luteus (Schr.), from specimens in Mycotheca 
Universalis (X 2500). Apparently with Bacterium termo. 



DEVELOPMENT OF THE GILL IN FASCIOLA- 
RIA. By HENRY LESLIE OSBORN, Ph. D., Instructor 
in Zoology in Purdue ITnirersity, La&yette, Indiana. With 
Plate XIII. 

The study here presented is based upon a form detennined by 
Prof. G. W. Tryon, Jr., as faadolaria t/uXvpa^ Linn. var. dUtam 
Lam.^ The material for study was obtained during a season at 
the Chesapeake Zoological Laboratory in 1884. All the surtace 
views were obtained from living specimens, and these, preserved 
in chromic acid .2 per cent. 24 hours, and then passed through 
serial alcohols to 70 per cent., remain permanently in line con- 
dition for surface observation. For sections embryos preserved 
in corrosive sublimate, saturated solution, half an hour, then 
washed in water one hour, or picro-nitric acid, Meyer’s formula 
gave the best satisfaction. 

The creatures are very abundant at Beaufort, North Carolina, 
living on the mud flats, between tides in shallow sounds, and 
their egg capsules can be abundantly found. In a future paper 
on the development of Faaeidaria 1 shall describe these capsules 
and their situation, but for the present purpose it is enough to 
say that the eggs develop within these capsules, and that the 
development of an individual egg cannot be followed, since the 
eggs cease to develop as soon as removed from the capsules. In 
view of this fact, we cannot be positively certain that the succes- 
sive changes are as here described, but there is no rational doubt 
that it is so, as determined by the examination of a large number 
of specimens in all stages of development. Therefore while I 
describe the changes as if succeeding one anotlier in one egg, the 
facts observ^ are drawn from a liu'ge number of eggs. 

The form of body when the gills ^t appear, is represented in 
Fig. 1. This shows the body as seen on the left side, and with 

> In an abetiact of this work presented in Johns Hopkins University Cirenlu, 
Ho. 86, this animal was improperly called Heptnnea; this error, I seise the 
pmeat opportnnity to ooiieot. 
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the foot and velum of the left side uppermost. This mass 
underljipg the velum is composed of huge non-nucleated deeply 
staining bodies, which are later completely absorbed before the 
disappearance of the velum,, and which are doubtless supple- 
mentaiy food masses. They are, so far as I am aware, un- 
described, and I shall call them the numes” Partly 

encircling the body runs a ridge like a girdle, and between the 
girdle and the head region lies a row of folds of the ectoderm iu- 
that r^on. This region is the region of the ectoderm that lines 
the future -mantle cavity. It has been derived from cells which 
began first as a small circular ring on the side of the body 
opposite the foot, and enlaiged till it spread over the whole 
dorsal surface. This surface was previously enclosed in ecto- 
derm ; the thickening was a difierentiation in the ectoderm cells 
which progressed outwardly, growing larger and larger as it 
traveled over the dorsal surface. It is illustrated in Fig. 2. 

Long before there is any trace of the gills a heart rythmioally 
contractile is observed. It appears upon the right side of the 
body just behind the sub-velar masses and in front of the region 
to be occupied by the future gill. 

In Fig. 3 a view looking down upon the mantle surface is 
shown. The advancing edge of the mantle, the mass which 
girdles the embryo iitvFig. 1, is shown at rrm.; in front of this 
lies the corrugated skin, which is the very simple gill, and in 
front of this, not shown in the figure, lies the pulsatile heart. 
Here we have the simplest form of gill that can be found among 
the prosobranchiate gastropods. At this time the internal 
differentiation has gone so far that the stomodaenm and procto- 
daenm are established, the gut walled in, the nervous ganglia of 
the head, foot and olfactory organ begin to show. 

In Fig. 4 a sagittal section of the embryo through the gill is 
represented. The section is to the right side of the middle line. 
Here can be seen the velum and sub-velum in position and free 
here from the body, the gill upon the dorsal surface (which is at 
present downward) in front of it, the heart a space in the meso- 
derm, opposite this the edge of the mantle which is to form the 
future free edge of the same. The gut is at this time packed full 
of food yolk, and the endoderm cells are not as yet developed as 
digestive in all its parts. In Fig. 6 croeis sections of two of thd 
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gill folds are shown, and the cells are drawn as nearly tne as to 
shape as possible bat exaggerated in size for convenience in 
drawing. It may be seen that the only differentiation th^ 
exhibit in etractnre is the ciliated cells; the other cells are almost 
precisely like those of the general surface. This is the simplest 
form of gill thus far described as existing among the gastropoda. 
It is what we shonld anticipate as a most elementary form of 
gill, both from comparison with adnlt ctenobranch gills and from 
the gills of the lamellibranch, as we have learned to understand 
them, but it is simpler than either of these, for it is here found 
upon the outer surface of the body and not even enclosed in a 
mantle chamber. 

The next step in the development is illustrated in Fig. 6 and 
Fig. 7, surface views, the latter later than the former, and in Fig. 
8 a sagittal section through an embryo in about the stage shown 
in Fig. 7. The form of body is already characteristic, the shell 
has been deposited and has taken upon itself, beginning from the 
region behind the foot, the characteristic shape, it is drawn out 
into a beginning of the columellar portion upon the left side, the 
portion finally occupied by the spire is now rounded and the edge 
ot the shell on the dorsal side of the creature is spreading forward 
so as to cover in the body; but at present it has not gone- so 
far as this, and the dorsal surface of the body is not yet furnished 
with that peculiar mantle or branchial chamber. The gill area 
of the preceding stage has, however, undergone a great change ; 
it is beginning to roll inward by an involution commencing near 
the head, the gill at first lying upon a convex surface is pulled 
inward, as it were, from inside, and the area it occupies is nearly 
flat, the gill being enrved to allow its lying crowded into so small 
an area. , 

Fig. 8 shows a section cut from the same embryo as is sketched 
in Fig. 7. The edge of the mantle, the diell, the foot, the pedid 
ganglion, the gut with huge vacuolated digestive cells, their out* 
lines not preserved, and finally the crumpled gill, in front of the 
edge of the mantle, and behind the region of the head, are the 
foatures to be noticed. Here is strictly an intermediate con> 
dition between the embryonic condition and the definitive con- 
dition of the gill. The advancing differentiations would make 
it undoubted that it follows the first stage, even were not the next 
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and finid stage so obviously subsequent. There can be no doubt, 
from the study of the progressive changes in other parts of the 
body, that the succession of the change as here described is'the 
true order of development. 

In Fig. 9 a section similar to Figs. 4 and 8 is illustrated, 
taken from a specimen which had assumed the adult shape. 
Viewed externally, the vela are still seen too large to be wholly 
drawn into the shell; traces of the sub-velar masses are still 
present. The foot is now used in locomotion, and the young 
snail creeps about in the watch glass, the mantle is wholly folded 
in, and no trace of the gill can be seen from the exterior. In 
the section the shell is seen surrounding all with the operculum 
beneath the foot. The mantle cavity is now fully formed and 
occupies the usual position on its inner surface; the gill is found, 
and it now shows some interesting differentiation in its epithe- 
lium connecting it with the adult form. Behind the gill is the 
heart ; it has kept pace with the changes in the gill and, frx>m a 
position in front of the gill on the outside, it now has a position 
behind the gill, the normal adult position of the prosobranch 
heart. It is thus seen that the gill in Fasciolaria is directly 
derived from a series of simple folds of the ectoderm of the outir 
surface of the body. 

The structure of the gill in the adult is not any different from 
that of Fulgtir&gateA. and described in a former paper.' It consists 
of a row of independent plates of triangular outline, hanging down 
into the mantle cavity from its roof. These plates abut at their 
left end upon a ridge, which, unlike Fulgwr carries no definite 
bloodvessel, and they run transversely over toward the right. 
Bunning alongside the gill is the olfactory organ. It consists of a 
nerve trunk running along a central stem .and plates arranged 
on either side the stem, somewhat like the gill plates. Figure 
10 represents a Surface view of a gill plate, and the two fiaps of 
the olfactory organ and the nerve cut across the end. The 
epithelium of the gill plate shows in the sections three areas 
exhibited in Fig. 11. The outer portion consists of dosely 
fitted columnar epithelium cells on the end of the plate, and in 
a band near the end, while just between these, barely covering 

*Studits from the Biological Laboratory, Yol. HI, PI. IV, Fig, 10; PI. V, 
Figs. 11, 13 and 18. 
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the basement membrane, there greatly thickened to form the 
chitinonB supporting rod, the cells are innch lower and not 
ciliated. Following the enter portion there comes a broad band 
composed of large, irregular, loosely placed cells, nucleated and 
without cilia, and these are followed by an inner area of very 
closely packed but non-ciliated cells. In sections of the gill at 
the age of the specimen figured as No. 9, the epithelium of the 
gill shows two sorts of cells, the outer row and the middle row, 
being about similar in shape at that time to the adult. These 
are represented in Fig. 12 a and 12 h. 

I wish to reserve the description of the remaining embryonic 
history of Faadolaria for a future paper, but will point out 
what I consider the importance of these facts of development to 
mollnscan morphology. The development of Fcuokilaria is very 
peculiar if not unique, so far as at present known among proso- 
branchs. I have studied Fvlgur^ and have all the stages from the 
youngest eggs up to the adult, but nothing at all like this 
mode of formation of the gill occurs in this closely allied form. 
Both pass their early stages in protective capsules, and yet the 
life histories are very different. In Fulgur the development is 
direct, and the gill where it arises is formed upon the wall of a 
mantle cavity. In Crejpi&ula also the gill arises after the mantle 
cavity, and we do not know that in any other prosobranch the 
mantle cavity arises as it does in Fasdolaria.^ The development 
in FulgWy while it shows resemblance to that of Faaeiolm^y and 
can be derived from it, is plainly a briefer course derived from a 
mode like that of Faadolaria, but with certain steps in the pro- 
cess dropped out. There seems but little doubt that in Faad- 
olaria there is found a form of development which is more 
primitive for ctenobranchs than any yet described. There is 
nothing in the circumstances of development to lead us to the 
belief that the development here is secondary, but everything so 
far as known points to the view, that the ctenobranchs are from 
ancestors like the young Faseiolaria. We must believe that the 

* Bable describes in Planorbis (Entw. Telleisohnecken, Morphol. Jahrbnch, Vol. 
y.) the mode of formation of the mantle cavity which is much like that of 
Faseiolaria. The space which is the diflnitive mantle cavity, is at first uncovered 
at the exterior, and only later the growing edge at the mantle is drawn from 
behind forward so as to be opened over it. 
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mantle cavity was at first a shallow groove for them, and we can 
easily believe that the gill was at one time upon the enter side 
of the body. If we do not take this view for Fawiclaria, we 
mnst suppose that we have here a case of an animal which has 
lost and reacquired a structure, and while it shows no trace oi 
the loss of tbe structure, recapitulates the history of its reacquire' 
ment. If it' be urged that Fasddaaia loses the mantle cavity 
because not needed in its protected embryonic life, and acqniras 
it only when it is to emerge from its protective capsulf^ then I 
should inquire why Fulgur and the others, so far us known, do 
not go through a similar course, for they spend their embryo 
existence under quite similar conditions. 

Considering -the question solely with the ctenobranch in view, 
the similarity of the gill in this group, and the fact of develop- 
ment so far as at present known, may be recapitulated thus : 
The ctenobranchs are characterized by a single gill which lies on 
one side of the body, it is a series of folds in the wall of the skin 
forming the mantle cavity, it lies in front of the heart, stretches 
forward, hut if thq fold that forms the mantle cavity were 
straightened out one should have for the ctenobranch gill a series 
of folds in the outer skin of the body lying behind the heart 
stretching backward. In the embryo of Fasciolaria precisely this 
condition is a normal stage in the ontogenetic development. The 
inference would be that this ontogeny repeated the phytogeny. 
That for the ctenobranchs the gill arose as a series of fol^ on 
the outer surface, a single series of folds median in position or 
nearly so, and behind the heart. That in later growth the 
gill was carried on further toward the left, and with it the heart 
which originated on the right side of the body, in consequence 
of the spiral twist that involves the dorsal portion of the body, 
and that it was also for purposes of protection perhaps folded into a 
cavity by a growth of the skin on which it arose. We shonld 
know that in the ctenobranch the gill is not a median strnotnre, 
but one that properly belongs to the right side of the body, and 
has suffered translocation with the heart and visceral mass, from 
the innervation of the gill and attendant osphradinm from the 
right side of the body. 

This view would harmonize with the facts as known in the 
lamellibranchst There the gills are paired, but, a6 shown by 
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Hitrokmi) are to be ooondered a simple ridge or elevation of the 
skin with folds alongtwo sides of it.‘ The presence in a chamber 
is a secondary consideration in comparison with the main fact 
that the gill begins as a series of folds in the skin, and not as a 
rachis fhmished with flaps on either side, which flaps secondarily 
fuse with walls of the mantle cavity. 

Let ns now proceed to examine the fact as to the molloscan gill 
ontside the ctenobranchs and lamellibranchs. We find in the 
other ^ms, when present, a peculiar organ, which has been 
termed by Luikester a ctetUdivm, The gill of Fiwuretla, TrookuBf 
Chitm, the Cephalophods is essentially a ridge penetrated by one 
or two bloodvessels and famished on either side with a flap of 
skin enrrounding a broad expanded network in communication 
with the bloodvessel in the rachis,* these flaps, and the rachis as 
well, at least on the portion farthest from the heart, being borne 
free from the mantle wall. In his Schematic Mollusk, figured by 
Lankester in the same article,' the gill is figured as thus described. 
Lankester does not indicate a way of comparing the ctenobranch 
gill with tlie etenidinm, or of showing its relation to that. But 
Spengel indicates that the present simplicity of the ctenobranch 
gill is secondary, and that a paired ctenidium preceded it in 
earlier forms. In his article on the olfactory organ of Mollusks,* 
Spengel remarks in a note that the gills are in the ctenobranchs 
to be derived from a true ctenidium, the blade on one side having 
been fused with the mantle wall and lost, while the blade of the 
other side remains as &e present gill. I believe that the matter 
is made much simpler by the hypothesis that in tlie ctenobranchs 
the lost blade of Spengel never existed, that the ctenidium con- 
dition of the gill has never been reached at all in the most of 
the ctenobrandis, that we find a progress in that direction in 
some StgarebuSf when the gill shows two sides which may be 
ccHopared with the two blades, and where the tip is slightly free 
from the mantle, and that we have a true ctenidium in a few 

'Mitzuknri. Studies Biol. Lab. J. H. IT., Vol. 11, p. 389. 

* See B. Bay Lankester, Art HoUosoa, Bncyc. Britt. Ed. 9th, Vol. XVI, p. 
688, etssf. 

*E. Bay Lankester, 0 »i., p« 085. 

'Spsngd. Die Geroohsotgamder MoliniOten, TUtsobr. f.W. Zook, Vol. XXXV, 
p. 856, e/ atq. 
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anomalooB cases, as VcAvata, not at present described fbllj or 
carefblly enough to give ns mnch available information. 

Oonsidering the gill then as the basis for classification, we 
conld divide up the Mollnsks into a series which would place those 
forms with the most completely developed ctenidia highest, or as 
the more specialized members. I believe that this would be true 
of the gill itself. 1 believe that the facts so far as we possess them 
in regard to the structure of the mollnscan gill and its evolution 
would bring us to consider the ctenidium a specialized organ 
derived from a simple structure, such as is present in the young 
Faaeiolaria. But I am far from thinking that it would bo sound 
to put the ctenobranchs for this reason at the bottom of the 
prosobranch series, and the zeugobranchs above them as derived 
firom them. 

What bearing this history of the organ might have on the 
classification I should not care to discuss, until there are more 
facts discovered to prove this the true history of the mollnscan 
gill. At present we know nothing at all of the development 
of the gill in those forms of gastropods which have a ctenidium, 
and more information there might lead us to regard with greater 
favor the conjecture of Spengel, 

• 

LIST OF FIGUBBS. 

Plate XIIL 

Fioxtbe 1. View of left side of Fasdolaria, seen shortly after the 
first appearance of the gill-folds. 

Fioube 2. View of dorsal surface of Fasdolaria when the shell 
gland has first appeared. 

Fioube 3. View of Fasdolaria in same stage as Fig. 1, seen look- 
ing down upon the dorsal surface. In front of the velum is a large 
transparent protuberant head, the remainder of the body is perfectly 
opaque, owing to the presence of an enormous amount of food yolk. 
The advancing edge of the mantle is seen at mn. 

Fioube 4. Sagittal section of embryo, in which the gill is still 
completely exposed. The gut is seen still filled with food yolk, with 
the passage leading to the anus lined with columnar ciliated cells and 
with large vacuolated digestive cells over a portion of the rest of its 
walk The heart (JSf), the gill bohind it (Br), the edge of the 
mantle (mn). 
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FiovbbS. Two plates of Figure 4 more highly magnified to 
show epithelium. 

Fiqubb 6. View of Tontral surface of embryc^ in which the gill 
has begun to roll in. 

Fiottbb 7. View of somewhat later embryo looking down upon 
the dorsal surface. 

Fioubb 8. Sagittal section of embryo figured in 7. 

FiouBE 9. Sagittal section through gill and heart of embryo still 
within capsule, but having a^uired external adult shape. 

Fioubb 10. Surface view of single plate of full grown Fasciolaria. 
. Fioubb 11. Transverse section of four gill plates of Fasciolaria 
adult. 

Fioubb 12 a-b. Epithelium cells from outer and inner portions 
of gill plate in embryo, Figure 9. 

Fioubes 4, 5, 8, 9, 10 and 11 were drawn with the camera lucida, 
also the measuring scale which accompanies each figure. From these 
the actual size and degree of enlargement may be^ directly obtained. 

ABBBBVIAXIOBB IN ALL THE EIOUBES. 

Br. Gill. 

Br. cav. Cavity in gill communicating with lacunar space 
through the mesoderm of the body. 

F. Foot 

Fr, Transparent frontal lobe. 

0. Endoderm portion of gut wall. 

M. Mesoderm. 

Mn. Mantle. 

M.o.Sx Mantle outer surface. 

M. i. 8. Mantle inner surface. 

Nv. Olfactory nerve. 

01. Olfactory organ. 

Op. Operculum. 

Pr. Proctodaeum. 

P. Nv. Foot nerve. 

8h. Shell 

8. r. Supporting rod of gill plate. 

& V. Snbvelar mass. 

8t. Stomodaeum. 

V. Velum. 

Y. Food yolk. 




A STUDY OF THE STRUCTURE OF LINGULA 
CGLOTTIDIA) PYRAMID ATA STIM. (DALL). 

By H. G. BETE^ M. D., M. B. G. S. (London), Passed Asst. 
Surgeon IJ. S. N., Honorary Curator Section Materia Medina, 
IT. S. National Museum. With Plates XIV, XV, XVI, XVII. 

Intboduotioh. 

The investigation into the minute structure of Lingula, de* 
scribed in the following pages, was begun in the autumn of 
1888, in the Biological Laboratory of the Johns Hopkins Dniver- 
sitj, at the suggestion of Professor W. E. Brooks, who very kindly 
placed at my disposal a large collection of this genus, gathei'ed at 
Beaufort, S. 0., and partly also at the month of the Chesapeake 
Bay. 

Unfortunately, these specimens had all been hardened in chromic 
acid, and, after making several series of sections, it was found, 
while some of them were preserved very well indeed, others 
proved to be quite unfit for histological work, chromic acid being, 
apparently, not the best hardening agent for Lingulas. 

Comparatively little was, therefore, done until March, 1884, 
when I was able to procure a fresh lot of specimens, some of 
which were put through the chromic-acid process, others through 
picric acid, again others through osmic and acetic acid, and so on. 

The results turned out to be veiy much in favor of the picric- 
acid process, and those specimens which were prepared in this 
way, and afterwards stained in picro- or borax-carmine, left 
nothing to be desired, so far as histological details are concerned. 
Hoping to supplement these histological studies by some embry- 
ological ones at the seaside, more especially with reference to. 
the earlier stages, the later ones having already been worked out 
with much care and detail by W. E. Brooks, I have delayed 
publishing this work until now. 

In order to determine the exact systematic position of this par* 
tioular species of Lingula, I took some of the specimens to Prof. 
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Wm. H. Dali, of the Smithsonian Inst., and the following account 
is a description of the genus in his own words: 

DM. 

“ This brachiopod was originally described by Dr.Wm. Stimp- 
son under the namo of Lingula jpyramidata {Am. Jowm. Sci. ds 
Aria, XXXIX, p. 444, 1860), and was obtained by him in North 
Carolina.' In 1870, while engaged in the study of the Lingulas 
in the National Collection, I discovered that some species were dis- 
tinctly separated from the typical form of the genus, in being 
provided with raised fulcra for the attachment of certain muscles, 
forming a median septum in one and two divaricating septa in 
the other valve. To this group I applied the name of Olottidia, 
which has been adopted. The type is a species very similar to 
southern specimens of Q. pgramidata — namely, the G. alhida of 
Hinds. There are three other closely related .forms on the west 
coast of America, G. semen Brod., G. avdebarti Brod. and G. 
Podmeri Dali. On the eastern shore of America, besides G. pyr- 
amidoAa there is another, G. amiillwrum Reeve, described in the 
Conchologia Iconica in November, 1859, from a single specimen, 
nowin the the British Museum. 

It is not improbable that the latter will prove to be iden- 
tical, when a sufficibnt number of specimens are collected for 
study, with G. pyramidata / in which case Reeve’s name has 
priority. All these species of GloUidia are probably descended 
from the same source or ancestral form, and no species have yet 
been found except in American waters, while on the other hand 
not a single species of the genus Lingda, in the strict sense, is 
known to occur in America, though all the Glottidiae were origi- 
nally described as Lingulae. The true Lingulas are almost al- 
ways attached to a fixed rock or stone, while Glottidia attaches 
itself, if at all, only when adult, and usually to a very small peb- 
ble or bit of shell.” 

It is hoped that the present account of the structure of this 
peculiar species of brachiopod will not only throw new light on 
the structure of Brachiopods in general, but also aid in more 
closely defining the new genus, the creation of which we owe 
to Prof. W. H. Dali. 

' It U now known to ooonr from tho South Florida Eejs to Chesapeake Bay. 
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Tho Shell of Lingvla. (Figs. 1, 3, 3, 4.) 

The structure of the shell of. Lingula has, so far, been studied 
only by Gratiolet. This anatomist clearly pointed out the exist- 
ence of calcareous and homy layers and their alternate arrange- 
ment. Gratiolet, however, seemed to be of the opinion that the 
outermost covering, which is found as a uniform layer over the 
entire surface of both valves of the shell, including the peduncle, 
and generally called the perioatraffum, is of exactly the same 
nature as are the so-called homy layere of which the great bulk 
of the substance of the shell is composed. Both are termed by 
him homy, and no distinction whatever is made between the two 
in his description. On a closer examination and comparison, 
the differences in the character of these two structures become, 
nevertheless, very apparent, and will, I think, be readily recog- 
nized. A brief description of the entire shell-structure may, 
therefore, seem desirable. 

Beginning, then, with this outermost covering of the shell, the 
periostracum, or perhaps better called the eutiole, we find it to be 
a simple, homogeneous, comparatively thin layer or membrane, 
easily stained by picro-carmine and gold-chloride. Osmic acid 
gives it more or less of a bronze hue and borax-carmine leaves it 
entirely unstained. Over the area of the external surface of the 
shell proper it remains of uniform thickness throughout, but, as 
it passes from the posterior end of the valvdb on to the peduncle 
(over the entire extent of which it is uninterruptedly continued), 
it becomes markedly thicker and somewhat corrugated, to again 
assume much less thickness lower down towards the attached end 
of the peduncle. All around the entire circumference or margin 
of the shell of both dorsal and ventral valves the cuticle, as it 
were, overlaps the layers beneath it and forms a rather delicate, 
incurved maigin of the shape of the letter “S” (see Fig. 3) on 
section, the lower curve of which fits into a enp-shaped impi^ 
sion in the mantle-margin, very near but external to the point 
where the bristles protrude, and with which it is in organic 
connection. 

In almost all my preparations a certain class of peculiar, round 
little bodies are seen imbedded in the shell substance, sometimes 
aggregated in clusters, sometimes arranged in linear series, and 
at still other times they are irregnlarly scattered. It is immedi- 
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stely beneath the cntiole that the largest collections of these 
bodies are fonnd. (See Fig. 4, gl.) They are best seen in sections 
stained with haematozyline, by which not only the cuticle but 
also the homy layers of the shell substance proper are left 
unstained, while these corpuscles take on a violet color. They 
may, however, be also veiy readily observed in picro-carmine 
specimens. 

Although these round little corpuscles, which are perfectly 
homogeneous bodies and entirely free from nuclei, are generally 
found aggregated beneath the cuticle, they are also often fonnd 
irregularly scattered through the substance of the various horny 
layers forming part of the body of the shell. Shipley has 
described similar corpuscles in Argiope, and has come to the 
conclusion that they perform the function of carrying nutriment 
to the parts over which they are found distributed, believing 
them to be blood-corpuscles. Having studied these bodies from 
sections only, it is, of course, impossible to form a correct and 
positive opinion as to their physiological function, but from 
purely morphological grounds I regard them as being homol- 
ogous, if not analogous, with those described as occurring within 
the oiganic septa, running vertically in the substance of the shell 
of the Testicardine Brs^hiopods. 

Immediately adjacent to the cuticle and this layer of homo- 
geneous round corpuscles, we find a rather broad layer of homy 
substance. (See Fig. 2, h. 1.) The thickness of the homy layers 
varies greatly according to the age and the size of the animal ; 
these layers can be beautifully stained with both picro-carmine 
nnd borax-carmine, which impart to them a very delicate pinkish 
hue. Osmic acid and haematozyline give them a more or less 
greenish-yellow tint, while gold-chloride stains them a deep 
cherry brown, and in some cases an intense violet color. The 
homy substance exhibits' sometimes a longitudinally, finely 
striated appearance, and these longitudinal striae are crossed by 
others at right angles to them, thus imparting to the whole a 
very fine, granular character. In most of my preparations the 
homy layers are homogeneous throughout^ showing the above- 
mentioned round bodies imbedded within them. Internally to 
this first broad, homy layer, and closely adjoining it, we find a 
very thin calcareous layer of no peculiar stracture and consisting 
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simply of coarse calcareous granules, 'whicli have reihain6d un- 
stained. In this manner the homy and calcareous layers alternate 
with each other, their number varying according to the size and 
age of the animal. These alternating layers may be observed 
equally well in longitudinal and transverse sections. Generally 
speaking, the homy layers decrease in thickness from without 
inward, while the calcareous ones slightly increase in thick- 
ness in the same direction; in no case, however, have 1 seen the 
latter attain a thickness equal to that of the homy layers. 
All the layers decrease in thickness, as well as in numbers, 
as we proceed from a point a little posterior to the centre of 
each valve towards its periphery, where, about the delicate, 
incurved margin, only a very thin film of the homy substance is 
left to support the thin cuticle. This thin film joins the support- 
ing layer of the mantle-margin, while the cuticle maybe followed 
a short distance over the epithelial layer of the same, and then 
gradually passes out of sight and fades away. The layer of ecto- 
dermal epithelium, which is very high at the margin of the 
mantle, is apparently pushed in between periostracum or cuticle 
and the supporting lamella. 

In this manner, as will be found on all good transverse as well 
as longitudinal sections, all those homy layers composing the 
body of the valves of the shell become directly continuous with 
the supporting lamella of the most external layer of the mantle 
and that of the body-wall respectively. This circumstance quite 
explains the fact, already observed by Qratiolet, that it is impossible 
to remove the shell without tearing the external leaflet of the 
mantle and the body-wall, which together form the lining of 
both ventral and dorsal valves. Their continuity renders the 
conclusion almost obvious— namely, that they are identical in 
straelmre ; in other words, the so-called homy layers of the valves 
of the shell of Lingula are nothing more nor less than a sup- 
porting substance. A farther evidence in proof of this fact, 
if such was necessary, is that both stain alike and with equal 
intensity. In consequence thereof, it is furthermore not at all 
unlikely that these homy layers within the valves, from the fact 
of their being in direct organic connection witli the supporting 
lamella of the mantle and body-walls, represent the homoli^ea 
of the vertical septa found in the substance of the shells of Testi- 
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cardine BracMopods, and certainly the peculiar, roundish bodies 
scattered through them speak in fhvor of this view.* 

The calcareous layers found between the homy layers are 
probably the result of a secretion on the part of the former, or 
that of a calcareous degeneration of the ectodermal cells of that 
part of the mantle and body-wall which is next to the shell. 

The cuticle is probably either a changed original larval ecto- 
derm, or has in some way been produced by it. 

On the internal surface of the shells of the Lingulas which 
we have been studying there are found several ridges ranning in 
a longitudinal direction. The ventral shell possesses two of these, 
while the dorsal has only one. The two ridges on the internal 
surface of the ventral shell are so situated as to divide it longi- 
tudinally into three parts, two external areas and a middle one ; 
the ridge on the dorsal shell runs in the median line, and, there- 
fore, when the two valves are in juxtaposition, the latter would 
point about midway between the two ventral ridges. Longitu- 
dinally, they occupy about the posterior two-fifbhs of the whole 
length of each valve. The ventral ones converge in a direction 
toward the peduncle, into which they are, as it were, continued. 
It is these ridges which show the greatest number of the alter- 
nating layers which compose .the shell, and to them is also 
attached' the body-wall throughout their whole extent, the 
breadth of themantlefrom about the anterior body- wall increasing 
in a direction towards the peduncle, the body-cavity decreasing 
in Ihe same direction in the proportion that the ventral ridges 
converge. 

The growth of the shell and peduncle probably proceeds from 
apposition to the supporting substance or connective-tissue layer 
of the body-wall of new layers from within, so that the external 
layers are the oldest and the internal layers are the youngest. 

''Van Bemmelen describes certain round little bodies oocnrring in gronps on 
the snrlace of the mantle which is next to the valres, defining them as . round 
and sharply outlined little bodies, easily staiaed by carmine, and as not giving one 
the impression of regular cells. He noticed the greatest number of them aggre- 
gated around the bases of the mantle-papillae. Carpenter also saw these 
collections of roundish bodies in Testioardine Braohiopods, and thought that they 
might perhaps be the products of glandular secretion. We have also seen them 
in large numbers within the sinuses of the mantle. 
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The Body^WcHi Mcmtte and Pedunde of lmgula. (Figs. 2, 
8,4,8,1,0,18,14,16.) 

The intimate strnctnrtd relationship which exists between 
these three organs, the direct continuity of their walls, and the 
free communication of the cavities which they enclose, seem to 
make it desirable to describe them together. 

The so-called body-wall of Lingula is that portion of it which 
forms the body-cavity or visceral chamber, within which are 
contained the stomach, intestines, liver-lobules, genital glands 
and oviducts, and the various blood-lacunes. 

The body-wall may, for convenience of description, bo divided 
into several distinct parts — viz. : an anterior, a posterior, two 
lateral, a dorsal and a ventral. The dorsal and ventral body- 
walls are closely adherent to and covered by the valves of the 
shell, while the remaining parts are comparatively free. 

The mantle is but a fold of the body-wall itself, extending 
from it, in a lateral and anterior direction, around the circum- 
ference, along the inner surface of the two valves up to their 
margins. The outer leaflet of the mantle is attached to all that 
portion of the inner surface of the valves which is not occupied 
■by the body-cavity. The two mantle-leaflets enclose between 
them numerous spaces and channels, the most important of which 
are the so-called mantle-sinuses — four horn-like projections or 
excavations freely communicating with the body-cavity. 

The peduncle may properly be looked upon as a worm-like, 
backward prolongation of the body-wall and its cavity. Its 
walls are in the main structurally identical with those of the 
body and mantle, and the. somewhat tubular cavity which they 
enclose is in open communication with that of the body. 

The structural constituents of all three are, first, an outer layer 
of ectodermal epithelium ; second, a middle layer of supporting 
tissue, variously modified according to situation ; and third, an 
inner layer of lining or peritoneal epithelium. 

1. Ectodermal layerl — This, over the greater part of its 
extent, consists of a single layer of very small cuboidal cells, 
composed of a homogeneous protoplasm with comparatively 
large and distinct oval nuclei, which latter stain remarkably well. 
This character of the ectodermal layer we find especially well 
preserved all over that surface of the mantle, body-wall and 
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peduncle which is attached to the valves of the shell, or, in 
the case of the latter, is covered by the thickened cuticle ; it 
furthermore retains its typical form over the internal surface of 
the inner mantle-leaflet, extending from the body-wall to the 
mantle-margin, and also over the lateral body-walls. These cells, 
however, also present very marked changes in some situations. 
Thus, for instance, about the margin of the mantle they have 
become very much latger and elongated ; their protoplasm is no 
longer homogeneous, but presents a very flne, granular appear- 
ance ; their nuclei are very indistinct, and in some no nuclei 
whatever can be made out. (See Figs. 4 and 5.) They arc oval 
in shape, and seem to be attached to the underlying supporting 
tissue by a narrow pedicel. 

In specimens which were hardened in picric acid, and after- 
ward stained in borax-carmine, many of the cells appeared 
enlarged, their nuclei having become very much displaced 
towards the, limiting membrane. Scattered among them were 
found other cells, peculiar and coarsely granular, oblong and 
nou-nucleated, or without any definable shape; some of them 
seem to protrude with one extremity from the mantle-margin, 
hanging loosely into the mantle-chamber; these are apparently 
amoeboid cells, having originated, not in the ectoderm, but more 
likely in the mesoderm within the mantle-sinuses. Between 
these difierent cells'* there seems to rise up from the supporting 
lamella a network of corpusculated fibres (see Fig. 4) with 
well-stained nuclei. These fibres, which anastomose freely with 
each other, form a wide-mesbdd network, which is probably 
intended to support the rather large cells of the mantle-margin. 
Over the tip of the latter the cells again become much shorter 
and narrower, their nuclei occupy a more central position and 
stain deeply ; no granular cells occur here, but the cells are several 
layers deep. As they go on to form the hair-follicle, they become 
suddenly flattened, and do not resume their usual characteristic 
cuboidal form until they have reached* the concave surface of the 
valves of the shell which they are destined to line. Over the 
remainder of the surface of the mantle, including the bladder- 
like pouches, called respiratory or branchial pouches, found at 
tho base of the mantle-maigin, the ectoderm is composed of a 
shtgle layer of cuboidal, veiy r^lar cells, with slightly oval, 
well-stained nuclei. 
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It again differs somewhat from this simple arrangement over 
the anterior body-wall. Over the lophophore, the bases of the 
cirrhi, and those portions of the .anterior body-wall immediately 
surrounding the oesophagus, especially over the situation of the 
central and lateral snb-oesophageal ganglia, the ectodermal cover- 
ing becomes several layers de$p, the cells changing from their ordi- 
nary cuboidal form into the more elongated shape ; the nuclei 
becoming at the same time correspondingly smaller, longer and 
narrower. As it verges off from the anterior to the lateral body- 
walls, it again assumes its usual character. 

We next find it undeigoing a rather remarkable change over 
the posterior body-wall. (See Fig. 13,^. h. w.) This deserves 
a separate mention, and may briefly ’ be described as passing 
from the attachment of the peduncle to the posterior end of the 
ventral valve, to the corresponding end of the dorsal valve, thus 
closing in the body-cavity posteriorly. It is perhaps best seen 
in longitudinal sagittal sections, taken near the median line, and 
so directed as to bisect the peduncle as well as the body of the 
creature. In such sections the posterior wall is seen to pass 
straight across from the base of the short mantle-margin of the 
dorsal valve towards the attachment of the peduncle to the 
ventral valve. Before approaclung the latter, it forms a loop by 
passing straight backward in the direction of the same for a 
short distance, then turning upon itself and running forward 
again towards the attachment of the peduncle to the valve. 
After forming this loop, which, on cross-section (see Fig. 14), is 
seen to have more the appearance of a semi-circular pouch sur- 
rounding the base of the peduncle, the entire body-wall pushes 
its way into the peduncle, in reality goes to form part of this 
tubular structure or organ, receiving as it passes Wkward a very 
thick covering of cuticle. It is over this portion of the body- 
wall, and also to a certain extent within the peduncle, that the 
ectodermal layer of cells again appears in a somewhat modified 
form. The ordinary cuboidal cells have become distinctly ovoidal 
and much larger ; their contents are granular, the granules consist- 
ingof larger and smaller, shining and strongly refracting globules, 
which do not take on the usual stain, but look yellowish and oily. 

Besides these various modifications in the ectoderm, according 
to different locations, there are also found scattered over the 
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anterior bodj>wall and the inner leaflet of the mantle certain 
large, oval bodioB occurring at almost regular intervals, and there- 
fore imparting to these structures a rather studded appearance. 
These bodies appear usually very uniformly stained with undis- 
tinguishable nuclei, and in shape not unlike small taste-buds, 
with a very minute pore opening to the outside. Their signifl- 
cance is doubtful, and I have been unable to form a positive 
opinion about. them, but think it not unlikely that they are 
glandular in character. 

Immediately beneath the ectoderm we find the supporting 
substance. In certain situations, however, we have intervening 
between these two structures the central nervous system, which 
will be described separately. Certain calcareous plates, or the 
traces of them, may, very conveniently, be disposed of here. 
Of these calcareous plates. Van Bcmmelen remarks that they are 
situated immediately beneath the ectodermal covering, and that 
after the lime has been dissolved out the outline of them remains 
distinctly visible, showing that each one is surrounded by a 
membrane, and upon this membrane we also find the cells which 
formed these plates. (See his Plate IX, Fig. 5.) What V. B. 
has found in Testicardine B^hiopods with regard to these 
calcareous plates, is in perfect accord with what we have seen in 
Lingula. In the latter (See Figs. 2, vae. and 15), these plates are 
more particularly found distributed over the inner leaflet of the 
mantle and the lateral body-walls. Hero, after the lime has 
been dissolved out, they give rise to a more or less vacuolated layer 
immediately beneath the ectoderm, in which certain small, 
spindle-shaped, as well as larger and irregular shaped, finely 
granular, nucleated cells are not uncommonly found attached to 
the membrane remaining behind. This condition of things is 
well seen in those specimens that had been hardened in picric 
acid. 

2. Supporting Tissue . — Of all the elementary tissues com- 
posing the body of Lingula, this presents perhaps, without excep- 
tion, the most varied forms. In its ordinary aspect it is a homo- 
geneous layer of tissue either entirely structureless or presenting 
a very faintly, longitudinally striated appearance, staining deeply 
with most of the carmine agents. In this form it exists in the 
so-called horny layers of the valves of the shell, in both leaflets 
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of the mantle, the dorsal, ventral, and, to a certain extent, also in 
the lateral and posterior bodj*\rall8. In the anterior body-wall, 
however, and the deeper portions of the lateral body-walls, and 
also in the peduncle, changes occur which deviate considerably 
from the ordinary structureless, supporting lamella. Besides the 
great increase in the thickness which this tissue assumes through- 
out the anterior body-wall, more especially in those situations in 
which are found the central nervous system, the oesophageal 
blood-lacunes, and about the origin of the arms, the most striking 
difference in structure is in its well-defined cellular elements. 
(Fig. 20, c. 0 .) The cells are long and delicate, spindle-shaped, 
nucleated corpuscles, with rather small nuclei, which stain beauti- 
iully and deeply. The processes of these cells, usually only two 
in number, are comparatively broad, very finely granular or 
homogeneous, and scarcely at all differentiated from the sur- 
rounding tissue by staining agents. They usually traverse the 
entire thickness of the supporting lamella, but sometimes one of 
them shows two nuclear swellings instead of one, giving it a 
rather varicose appearance. They are remarkable for their regu- 
lar arrangement and distribution. 

With reference to the lateral body-walls (see Fig. 10), we find, 
first, a thin layer of ordinary supporting lamella adjoining tho 
ectoderm throughout its whole extent. From this layer, rather 
abruptly, proceeds a reticulum consisting of supporting tissue, 
and extending inwardly until it has reached a considerable 
thickness. The nuclei seen here and tliere within the tissue 
remind one of branched connective tissue-corpuscles, the processes 
of which anastomose with one another to form this network. The 
rather large meshes of this reticulum are filled with a finely granu- 
lar, jelly-like material, sperm-material and cross-sections of sperm- 
atozoa. The entire mass covers the internal surface of the sup- 
porting lamella like a semi-oval pad. We will return to this 
subject again in speaking of the genital apparatus. Almost tho 
same structural conditions which prevail in the lateral body- 
walls, but to a much less extent, are found to obtain in the 
peduncle; here the fibres forming this network are very much 
finer and thOir nuclei correspondingly smaller. 

The genital bands contained within the mantle-sinuses, also, 
are essentially like the preceding in their minute structure. 
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besides their being directly continuous 'with that portion of the 
lateral body-walls. The reticnlnm, however, is much less 
marked in these bands, having become reduced to a few small 
fibres, which only in a few instances have been found to anasto- 
mose ; tho greater part of it consists in spermatophores, in'* all 
stages of development. 

In many places the supporting lamellae of the two mantle-leaflets 
join one another directly; in others, in which by their separation 
they have given rise to spaces, the most noticeable of which are 
the mantlo-siunses, fibrous partitions are seen reaching across 
irom one leaflet to the other. The most important of these are 
found near the mantle-margin. From a certain point (marked o 
in Fig. 4) of the supporting substance of the outer leaflet several 
bundles of fibres pass on in two diflerent directions; one set 
runs towards the margin of the shell, to be inserted at a 
point corresponding to the extreme end of the delicate, incurved 
margin of the shell, which here consists only of cuticle and a 
very thin layer of supporting tissue. This insertion is also 
external to the point of exit of the bristles from the mantle- 
margin. The other set of fibres, starting from the same point, 
becomes attached to the base of tho hair-follicle. These two sets 
of fibres have hitherto been regarded as muscles, but it is evi- 
dent, both from their structure as well as from their function, 
that they are nothing more nor less than supporting fibres 
intended to keep the bristles or hairs in a certain fixed position 
with relation to the mantle and shell of the animal. Tho attach- 
ment of the most anterior or ascending bnndle of fibres to the 
shell-margin is interesting from the fact that its fibres spread out 
in a fan-shaped fashion at their point of insertion ; in thus 
spreading out and intercommunicating with the corresponding 
ends of neighboring bundles and forming a very firm series of 
arches all around the entire margin of the shell, they are well 
calculated to keep this margin in a fixed position. 

All the so-called mesenteric bands are simply bridges of this 
substance passing in various directions, but having for their pur- 
pose the fixation of the cavities through which they extend, at the 
same time serving perhaps other purposes. 

3. Pe/ntmeol Epithelium . — This consists of flattened polygo- 
nal cells with small, round, central nuclei ; these colls are joined 
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together edgewise, and form a very thin and delicate membrane 
which lines the walls of the peri-visceral chamber, the mantle- 
sinnses and blood-lacnnes ; this membrane also covers all the vis- 
cera and mesenteric bands, and gives rise to blood-vascular spaces 
and channels within the body-cavity^ The changes which peri- 
toneal epithelium undergoes will be considered under the head 
of ** genital apparatus.’’ 

The Mueoular Aj^wratus of Lmgula. 

The anatomy of the muscular system of Lingula has been 
repeatedly described, with much thoroughness and care, by 
Vogt, Owen, Hancock, Woodward and Gratiolet. From a 
careful study, however, of the more minute structure of these 
muscles, differences have been revealed which would seem 
to make it in the highest degree doubtful that all those struc- 
tures described as such, are in reality muscular in character. 
All the muscles in Lingula are composed of long, parallel iibresj 
traversing, as a general rule, their entire length, and belong 
to the variety of smooth muscle-fibres. There is no exception 
to this rule in Lingula, and even the posterior occlusor muscles 
show no trace of striation, as they have been found to do -in 
some of the Testicardine Brachiopods. All those structures 
which have been described by Hancock as pariettd muscles^ and 
which Gratiolet has termed mttscHes pea/ussietSy to which may 
further be added the muscles contained within the arms and the 
peduncle, exliibiting an entirely different structure from ordinary 
smooth mnsclo-fibres, we have been led to regard, not as muscles, 
but rather as a mesenchymatous supporting substance possessing 
perhaps a certain amount of elasticity, but lacking the contrac- 
tility proper to muscular tissue only. 

The Vasofdar System of lAngula. (Figs. 6, 8, 11.) 

Both Cuvier and Owen were of the opinion that the pallial 
sinuses opened directly into the organs designated by them as 
hearts. Vogt apparently confirmed their opinions by discover- 
ing the auricles of these supposed hearts, and also blood-vessels, 
emanating from the ventricles. Huxley was the first to question 
the correctness of these supposed facts as ascertained by Cuvier, 
Owen, Vogt and Hancock, and showed conclusively that there 
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were no blood-ToseelB given off from these psendo-hearts at 
all, and that, instead of hearts, they were oviducts. Hancock 
also observed a central organ of circulation in both lA/nguia 
anaiina and L. affiniSf and found the same to differ but slightly 
from that of the articulated species. 

This heart, which he only saw in a state of contraction, was 
situated on the posterior slope of the intestine, exactly as in 
Waldheimia. It is described as being pyriform and rather 
elongated, with the small end tapering gradually forward. A 
so-called branchio-systemic vein originates, according to Hancock, 
in the dorsal mesenteric membrane and communicates, through it 
and two lateral membranes attached to the oesophagns, with a 
system of lacunes which surround that tube at its origin much in 
the same way as in W aldheimia. The vein, as it goes backward, 
is described as passing between the divisions of the hepatic duct, 
and is here rather enlarged; it soon assumes the form of a 
distinct, isolated vein, in which condition it reaches the transverse 
dorsal ridge of the stomach, from which the gastro-parietal band 
originates, and at this point opens into the anterior extremity of 
the heart. The aorta is described as a single trunk leaving the 
under surface of the laige or posterior extremity of the organ, 
and in this respect differing from that of the articulated species. 
The aorta is said to 'pass a considerable way down the straight 
portion of. the intestine before dividing into two lateral stems, 
whi(^ pass outward, and, on reaching the ileo-parietal bands, are 
again subdivided in the usual way, one branch running forward, 
the other backward, in connection with these bands. Hancock 
has traced these branches very much farther, and also speaks of two 
arterial trunks entering the muscles. According to this author, 
then, wo would have to look, in Lingula, for a closed system of 
blood-vessels with a central propelling organ of circulation. 

Oratiolet, on the contrary, while admitting the existence of 
the vesicle of Huxley or the heart of Hancock, from his own 
researches on Lingula, prefers to adhere to the opinion of tlie 
older authors, and continues to look upon the oviducts as hearts, 
regarding the heart of Hancock as only an accessory organ of the 
circulation. It is to be regretted that Van Bemmelen did not 
express his views on the vascular system in his article. Shipley, 
like other more recent observers, was unable to find anything 
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correspnding to a central circulatory organ and the system of 
vessels, or the accessory pulsatile vesicles described by Hancock, 
in Argiope. The blood, he says, is contained in a number of 
vessels, which run irregularly within the tissues of the body, but 
which chiefly lie in the mantle and that part of the body-wall 
lining the shell. Shipley found it impossible to make out distinct 
walls to these vessels, which appeared to him to be mere slits in 
the tissues. They were found to be especially numerous at the 
posterior end of the ventral shell and in the angle formed by the 
posterior border of the triangular septum and the dorsal shell. 

The blood-corpuscles, according to the description given us by 
Shipley, are large in comparison with the other cells of Argiope ; 
stain deeply around their circumference, and possess no nuclei. 

According to Schulgin, Argiope has no central circulating 
organ nor a closed system of blood-vessels, but a system of 
peripheral lacunae communicating with the body-cavity. The 
blood-corpuscles are kept in motion by the ciliated character of 
the lining peritoneal epithelium. 

Prof. Morse seems to have proved the correctness of the latter 
statement by actual observation in Imgula pyramidata, and 
Brooks, in larval lingulas, has observed blood-corpuscles being 
constantly driven in and out of the mantle-sinuses through the 
irregular contractions of the body-wall. Morse compares the 
circulation going on within the different mesenteric bands to 
the pseudo-haemal system of authors, and was unable to make 
out the vesicle on the dorsum of the alimentary canal described 
by Hancock, and thought by him to be the heart. 

Thus, it will be seen that the elaborate circulatory apparatus 
described by Halicock, in his excellent and comprehensive mono- 
graph, has not been found by any subsequent writer on Lingula, 
neither the central organ of circulation nor the system of blood- 
vessels connected with it seem to exist in Lingula, as they were 
described by him. 

Our own observations have been only confirmatory ot the 
views held by Shipley, Schulgin and Morse, and the most careful 
search after the central propelling oi^an over the posterior slope 
of the stomach invariably proved unsuccessful in every new 
Mries of transverse sections which was made. There are, how- 
ever, on both sides of the oesophagus (see Fig. 11, lae.) two oblong 
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tubular organs, generally found crowded witli blood>corpuscles 
and extending from th'e peri-visceral chamber up to the origin of 
the arms, into the base of which they apparently empty themselves, 
communicating by a di verticul nm with the sub-oesophageal sinuses. 
Since, however, they also possess a thin layer of this ubiquitous sup* 
porting tissue, they can hardly be supposed to be very contractile 
and in any way aid in the propulsion of the fluid which they contain. 
Within the mantle and throughout the anterior body-wall, blood- 
corpuscles are found in spaces of the supporting substance lined 
by a layer of peritoneal epithelium, which in my sections did not 
show any cilia. The accumulations of blood-corpuscles found 
within the visceral chamber seemed either free, or surrounded by 
a thin membrane which was composed of peritoneal epithelium 
only. 

There seems to exist still a considerable d^ree of doubt and 
uncertainty as regards the true nature of certain cellular elements 
found floating in the circulating fluids within the body-cavity, 
and the various other spaces and cavities communicating with 
the same. In Lingula I was able to make out four different 
kinds of corpuscles floating in the circulating fluid. There is, flrst, 
a small, round, granular corpuscle (Fig. 4, y, o), more frequently 
found within the mantle-sinuses and their branches, and some- 
times within the lar^ sub-oesophageal blood-lacunes and other 
parts of the body-cavity. In general appearance these corpuscles 
do not look very unlike white blood-corpuscles; their contents 
are granular, their outline is sometimes round, sometimes very 
irregular, and a nucleus of good size may almost always be found 
in them ; they stain well in borax-carmine, and are to all appear- 
^ ances endowed with amoeboid movement. Their development 
may easily be traced from the peritoneal epithelium lining the 
mantle-sinuses, and to a slight extent also from that which lines 
the mesenchymatous tissue of the lateral body-walls, as well as 
from the epithelium which covers the viscera. 

IVom u careful study of those interestiug bodies, I have been 
led to regard them as young ova which sooner or later become 
transformed into fully developed ones. In fact, their develop- 
ment may easily be tbllowed in the mantle-sinuses, where all the 
stages from peritoneal epithelium to completely developed ova 
may be found. It may be possible that during the intervals of the 



STRUCTURE OF LINGULA PTRAMIDATA. 2^ 


breeding season they renaain undeveloped. Secondly, we fre- 
quently meet with peculiar, spindle-shaped, or oblong, ovoid, 
striated bodies already figured and described by Hancock and Ora- 
tiolet, and by the former called spermatophores, by the latter 
regarded as young Lingulas, and by subsequent observers mistaken 
for blood-corpuscles (Fig. 15, ^.) ; tliey are found in the same situa- 
tions as the preceding, and their development from the peritoneal 
epithelium seems to me an obvious conclusion. The third class 
of corpuscles have already been described in connection with the 
structure of the shell ; they are the smSllest of them all, and are 
of about the size of the nucleolus in a fully developed ovum; 
they stain very uniformly in most staining agents, have a sharply 
defined, round contour, and possess nO nuclei ; they are found in 
greatest abundance beneath the cuticle of the shell, and to a less 
extent also within the mantle-sinuses. The fourth and last class 
of corpuscles, whicli are found in greater quantity by far than any 
of the preceding, are round or slightly ovoidal bodies, of a homo- 
geneous protoplasm, with a sharply defined limiting membrane 
and a small, usually eccentric, nucleus. Both nucleus and limit- 
ing membrane are distinctly stained, while its other contents 
remain unstained. These are the blood-corpuscles proper. 

The Alimentary Canal. (Figs. 6, 7, 9, 11, 12, 20.) 

According to Vogt, the intestinal canal of Lingula opens to 
the exterior and retains about the same width throughout its 
whole extent. No description of the digestive system is given 
by either Gratiolet or Van Bemmelen. Shipley, while describing 
the course and attachment of the diiferent mesenteric bands, says 
nothing of the histological structure of the diiferent parts of the 
alimentary canal. 

In Argiope, the alimentary tract is said by Schnlgin to 
terminate blindly. The walls of the stomach are described by 
him as consisting of two layers — ^namely, an external layer of 
connective tissue and an internal epithelial layer. The cells of 
the epithelial layer are said to be narrow, high, and provided 
with cilia. With reference to these ciliated cells which line the 
intestinal canal, Schnlgin says that each one of them is filled 
with a granular protoplaem which sometimes is found predonn- 
nating in the upper half of the cells, sometimes in the lower half; 
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and he has found that when an animal is killed jnst after taking 
it out of the seapwater, the granules occnpy the more centrally 
located portion of the cells — that is, the part nearest the lumen of 
the canal; and that when an animal is killed after having been 
kept in filtered sea-water for a few days, the granules, on the con- 
trary, occupy the more peripheral portion of the cells. The 
greatest number of cilia, according to Schulgin, are found during 
digestion. Schulgin, no doubt, is correct so far as the granular 
portion of the wall of the intestinal canal is concerned during the 
intervals and during the act of digestion. So far, however, as 
the length and the number of cilia are concerned, I must, from 
my observations on Lingula, question his statement that they are 
most developed during digestion. In the specimens which were 
dredged during the month of March, I found the alimentai^ canal 
almost completely empty ; only a few sparse, large, greenish cells 
were seen within the liver-lobules. In tliose specimens, however, 
which were collected daring July and August, the entire intestinal 
canal, including stomach and liver-lobules, was crowded to disten- 
sion with diatoms, desmids and other vegetable, and also some 
mineral, matter. No cilia were observed in such specimens, and 
the wall of the canal was thin when compared to that of some of 
my winter specimens. In the latter, the cilia (Figs. 9 and 12) were 
very long and the granular portion of the wall of the intestine 
seemed very rich and stained unusually deep, so that I am rather 
forced to believe that the cilia, during the stage of starvation of 
the animal, are very much longer and the intestinal canal thicker 
than daring full digestion. 

The digestive apparatus of Lingula may be conveniently 
divided into three parts — viz. : The mouth and oesopht^us, the 
stomach and liver-lobules and the intestinal canal proper. The 
front portion of the alimentary canal (see Fig. 6) of Lingula, by 
which is meant the month and the oesophagus, forms a bom-like 
projection through the anterior body-wall. The month-opening 
lies flattened between the ventral valve and the sub-oesophageal 
blood-lacune4 rising up between it and the oesophagus. The 
opening of the mouth as it looks towards the ventral valve is par- 
tially surrounded with a wreath of tentacles, which is, no doubt, 
calculated to create a current of nutrient material in that direc- 
tion. From the month the alimentary canal pursues a slightly 
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forward and backward conrse; then, bending upon Itself, it runs 
straight backward parallel with the long axis of the body of the 
animal to enter the stomach. The convexity of the canal, then, 
and not the mouth-opening, forms the most anterior extremity 
of the alimentary canal. Perhaps the most striking difference 
in structure between this and the remaining portions of the 
alimentary canal, is in the fact that the mouth and oesophagus 
are surrounded on all sides by two layers of strong and dense 
supporting tissue between which numerous blood-channels wind 
their way in all directions. One of these layers of supporting 
substance belongs to the oesophagus proper and the other under- 
lies the general ectodermal covering; the former is continued all 
over the entire canal and the latter passes into the body-wall. 

The largest blood-channels are found to occupy the concavity 
of the horn, the smallest the dorsum or convexity of the canal ; 
between these two are the lateral ones, intermediate in size. 
They all communicate with the body-cavity either directly or 
indirectly, and like it are lined by peritoneal epithelium. Other- 
wise the mouth and oesophagus do not differ materially in struc- 
ture from the rest of the alimentary tract. Three layers may 
generally be distinguished— -namely, an outer layer of connective 
or supporting tissue, a middle layer which consists of granules 
or very small cells, and an inner or ciliated layer. The middle 
layer is by far the thickest of them all, and seems to consist 
of very minute cellular elements which secrete the digestive 
fluid. Scattered through this layer are found certain cells, 
shown in Fig. 6, g. c., but better seen in Fig. 20, which I think 
are apolar ganglion-cells, and may be the remains of some larval 
sense-organ; the cells are found near the circum-oesophageal 
commissure only. 

The apparent great strength of the tissues surrounding the most 
anterior extremity of the canal, properly designated as the mouth, 
and the prominences in the wall itself, seem to imply a certain 
power foir grinding the most solid food-particles before they pass 
on into the oesophagus. 

At a point marked v in Fig. 6 will be found a small bundle 
of supporting fibres passing between the two layers of the sup- 
porting tissue. These fibres surround the alimentaty canal like 
a collar in this situation, and are, in transverse sections, found to 
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be continuous with the several bundles of fibres passing between 
the large blood-lacunes imd the wall of the oesophagus on its 
ventral side. This valve-like structure may perhaps be looked 
upon as the dividing lino between month and oesophagus, and 
also as having something to do with opening and closing, or at 
least with rendering the canal \(;ider or narrower, as the case may 
be. Immediately behind this point the canal becomes consider- 
ably wider for a short distance, and just as it entera the body- 
cavity its lumen becomes very narrow. 

Shortly after its entry into the body-cavity, the oesophagus 
joins the stomach, which is the widest portion of the entire 
aUmentaiy canal. The stomach gives off several large and 
broad canals, which repeatedly bifurcate and at last terminate in 
blind pouches, the so-called liver-lobules. Inasmuch as we have 
found that the origin of these canals from the stomach occurs 
with comparatively great regularity in thepeveral series of sections 
which we have examined with regard to this point, an account of 
it seems desirable. 

The first of these canals is given off on the ventral side ; it is 
short and broad, and divides immediately into two large lateral 
branches, which in their turn divide and subdivide, and finally 
terminate in blind pouches. Immediately behind this, the 
stomach, in croBS-|ections, presents a rather triangular shape, 
one of tbe angles pointing dorsally, the other two ventro-laterally. 
It is from the dorsal angle that the next canal is given off ; it is 
broad and short, and immediately divides into two branches run- 
ning at right angles to it and terminating as usual. Next 
behind' this arises another ventral process, much narrower ahd 
longer than either of the two preceding ones and nearly reaching 
the ventral valve before dividing as the rest. The stomach now 
has assumed a more quadrangular shape in cross-sections, being 
compressed in a ventro-dorsal direction, convex dorsally and 
concave ventrally. The fourth diverticulum starts off from the 
left dorsal angle of the stomach and pursues a direct lateral 
course towards the. left side, while the fif& branch runs from the 
right dorsad angle and is directed straight towards the right side. 
In all, five large branches are given off. 

The structure of the walls of the stomach is like that of the 
oesophagus; but the liver-lobules differ very materially from the 
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ordinary histological structure of the alimentary canal. Fig. 7 
is a section representing them, very much magnified. As may 
be seen, they consist of a thin, loose and supple layer of support- 
ing tissue covered with peritoneal epithelium and often sur- 
rounded by numerous blood-corpuscles; an internal layer of 
well-defined round or polygonal granular cells possessing very 
distinctly round nuclei and nucleoli. The central lumen of these 
little pouches is occupied by some very faintly differentiated, 
round, cellular bodies with long processes of the same material, 
looking not unlike mucous shreds and probably consisting of 
secreted fluid coagulated by the reagents used in hardening these 
tissues and disintegrated cell-structures. 

Behind the stomach the alimentary canal assumes again a 
more rounded form, its walls becoming thicker and appearing lees 
folded (Fig. 9); the part extending from the stomach to the 
termination of the canal may be termed the intestinal canal 
proper. 

This portion of the alimentary canal passes backward until it 
has reached the posterior extremity of the body-cavity, always 
keeping nearer the dorsal than the ventral half; it then forms 
either a loop or, in some cases also, it simply makes a turn in a 
forward direction until it reaches the ventral valve passing along 
its extreme right side, where tlie latter is joined by the lateral 
body-wall; it finally becomes very much narrowed, and perforates 
the body-wall at about the level of the junction of the anterior 
with the lateral portion, to open to the outside or, in other words, 
into the mantle-chamber. Throughout its whole length the 
various mesenteric bands, consisting of supporting tissue, tend to 
keep it in place. The opening of the anus seems to be valve- 
like, running for a short distance within the supporting layer of 
the body-wall before opening to the exterior. 

The Nervaue System. (Figs. 6, 17, 18, 19.) 

It is a fact well recognized by zoologists that the investigation 
into the structure of the nervous system of the Brachiopoda is 
accompanied with the greatest difiicnlty. So far as Lingula is 
concerned, nothing is as yet known with regard to the histological 
structure of its nervous apparatus. So able and distinguished an 
investigator as Hancock confesses that he was not able to even 
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detect the presence of the sub-oesophageal ganglion in this 
creature. Owen just mentions the fact that he has seen it ; and 
Togt, also, 1 believe, mnst have noticed it, for he says : ** The 
nervons system is probably situated within the sac formed by the 
peri-visceral wall near the gullet.” The description of the 
nervous system given by Professor Brooks, in his studies on the 
development of Lingula, is both significant and interesting in 
this connection. In certain of the early stages. Brooks describes 
and figures (see his Figs. 3, 6 and 6) the nervons system as con- 
sisting of a commissural ring which encircles the oesophagus at 
its union with the stomach, carrying one ventral ganglionic 
enlargement, two lateral ganglia and two dorsal otocysts. 

The nervous system of other Brachiopods, however, is much 
better known than tliat of Lingula, and Hancock has given ns a 
veiy complete and detailed account of its anatomy in several 
Testicardine Brachiopods, especially WaMheimia amtralia. His 
conclusions were that the nervous collar is situated mainly at the 
commencement of the alimentary tube, and that with this collar 
are connected five nervons ganglia, three of which, on account 
of their superior size, might be assumed to be the principal 
ganglia. 

These nerve-centres, he says, lie amid blood-lacunes, between 
the two membrane^, forming the anterior wall of the peri-visceral 
cavity immediately below the oesophagus, or rather behind it, 
on account of the mouth being bent down. He distinctly states 
that the largest is anterior, the otlier two form a pair and are 
lateral and elongated transversely across the median line, and 
describes the ganglion as having the anterior and posterior 
margins parallel and the sides sloping inward and backward ; 
it is said to be prolonged into a stout nerve in front, which 
immediately divides into an upper and a lower trunk. 

This description by Hancock of the anatomy of the nervons 
system in the Brachiopoda has recently been criticised by Yan 
Bemmelen. It is for the sake of comparison that these views 
. have been cited at some length, and for the same reason we 
will quote those of Van Bemmelen. 

Yan Bemm^en was perhaps the first to investigate the 
structure of the Brachiopoda according to modem methods, and 
the account which he has given us, accompanied as it is with a 
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number of very finely executed plates, is the most complete of 
any we possess at present. The descriptions of the anatomy and 
disposition of the more noticeable ganglia by the two authors 
vary somewhat. 

Hancock, on the one hand, finds five nervous ganglia con- 
nected with the nerve-collar; Van Bemmelen, on the other 
hand, describes them as only two, an inferior and a superior. 
The lateral ganglia of H. are, according to V. B., only parts of 
tlie more centrally situated large snb-oesophageal ganglion 
with which they were found to be fused, and hence could 
not be regarded as separate. Y. B. further speaks of one supe- 
rior or Bupra-oesophageal ganglion situated in the middle line, 
while H. describes two ganglia in this situation, situated on 
either side of, but near, the median line. The views of Y. B. 
witli regard to the disposition of the different nervous ganglia 
are, as he says himself, based mainly upon a study of trans- 
verse sections. 

Shipley describes a snb-oesophageal ganglion situated in the 
epidermis of that part of the body-wall which is immediately 
posterior to the base of the tentacles which overhang the month, 
just where the body-wall turns to form the mantle of the 
ventral shell, as consisting of two parts — namely, an anterior, 
whicli is a well-marked elevation formed by a ridge of the 
homogeneous supporting substance, covered by a layer of nervous 
cells and fibres, and a posterior portion, which is simply a narrow 
band of nervous tissue not veiy' conspicuous. The snpra-oesoph- 
ageal ganglion is described by Shipley as elongated, and lying in 
the ectoderm just anterior to the base of the lip which over- 
shadows the month ; this ganglion is said to be very small in 
comparison with the sub-oesophageal. 

Finally, Schulgin, studying the nervous system from sections 
as well as teased preparations, locates the sub-oesophf^al 
ganglion deep under the mouth, at a point where the ileo- 
parietal joins the ventral band beneath the lower margin of 
the disc of tentacles. Behind (dorsally ?) he finds two small 
lateral ganglions, directly connected with the lower ganglion by 
fine nerve-fibres. The dorsal connection bet^ceen these two 
he was unable to trace, but suspects that they are so connected 
as to complete the dreum-oesophageal nerve-ring, on account of 
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their Bending off fine nerve-fibres which tend to meet in the 
middle line. Schnlgin then epeaks of a Bense-organ, which he 
locates in the anterior body- wall, just where the great Bub-oeso- 
phageal ganglion of anthors is usually situated. 

From this brief review of the accoonts of the nervous system, 
we may readily see that discrepancies still exist. On closer 
examination, however, they will be found unimportant. Never- 
theless, from our own investigation into the nervous system of 
Lingula, we have been led to adliere to the number and division 
of the nervous ganglia originally put forth by Hancock for 
Wcddheimia avstralia. . There are in Lingula five distinct ner- 
vous ganglia connected with the circnm-oesophageal commissure. 
These are sufiiciently separate and distinct from each other so as 
to justify their being accepted as different and as needing separate 
description. The number of the ganglia in Lingula, therefore, 
agrees with that found in Waldheimia by Hancock. These 
five ganglia may, from their respective situations in this in- 
stance, bo described as the great central st^hoesophageal^ the two 
ven^o-lateral', and the two doreo-lateral or mjpra-oeeopKageal 
ganglia. The first-named is also the largest ; the second comes 
next in size, and the third is the smallest of them all. All the 
ganglia are enclosed between a layer of ectodermal epithelium, 
forming their outex. covering, and consisting of one or more 
layers of cells, and a layer of supporting substance, of varying 
thickness, forming the floor. 

The great central sub-oesophageal ganglion occupies the entire 
extent of that portion of the anterior body- wall which is situated 
between the oesophageal blood-lacunes and the mantle lining the 
ventral valve. In shape it is plano-convex, the convexity being 
anteriorly. At the dorso-lateral angle on either side, the ganglion 
is connected by a thick commissure with the two ventro-lateral 
ganglia. As may be seen, this account regarding the extent and 
location of this ganglion agrees perfectly with that given by all 
the authors above quoted, with the exception of one. Schulgin 
describes a condition of things as existing in Argiope KowalewahU 
which is somewhat remarkable, if not unique. In about the 
situation where the sub-oesophageal ganglion is found in all the 
other Testicardine Brachiopods, as well as in Lingula, he locates 
two sense-oigans. (See his Figs. 17 and 18.) On page 187* of 
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his article he says: ^‘Argiope possesses not far from the month a 
very characteristic accnmulation of cells npon the integument, 
which plays the part of a sense-oi^an. This organ consists of 
two parallel, longitudinal heaps of cells, one of which, nearest 
the month, containing specific, and the other, farthest away 
from the month, containing epithelial, cells.” The former is 
spoken of as being in direct connection with the central or 
suboesophageal ganglion, and as not being an organ of sight 
on account of the absence of pigment. The central oeso- 
phageal ganglion — which, therefore, must be very small — he 
locates much nearer the oesophagus and the tentacular disc than 
is ordinarily the case in other instances. No such sense-organ as 
Schnlgin describes in Argiope exists in the Lingulas we have 
been studying. 

The next ganglia, those which we have designated as venti'O- 
loAerdL^ are two in number. They are situated close by the 
sides of the great oesophageal blood-Iacunes, the outer bound- 
aries of which they cover to a certain extent, being, of 
course, separated from them by a thick layer of a homogeneous 
supporting substance. Their situation with relation to the 
oesophagus is ventral, and to the great oesophageal ganglion it is 
dorso-lateral. Their shape may be said to be semi-oval, the con- 
vexity pointing to the right and left sides respectively, and the 
plain surface towards the lacunes. Both ganglia are connected 
with each other by a strong transverse commissure running 
straight across from side to side on the ventral aspect of the 
lacunes, or on the dorsal side of the great sub-oesophageal 
ganglion — that is, between the two ; their outer ventral extremity 
is joined to the central sub-oesophageal ganglion at its dorso- 
lateral angle ; their dorsal extremities give otF the dorsal pallial 
nerves and afterward form the continuation of the commissure. 
The commissure passes on towards the posterior aspect of the 
roots of the arms, and here it divides into two bands, one of 
which passes around the oesophagus on the ventral aspect of the 
arm-roots, and the other over tho dorsal aspect of them ; from 
both these bands numerous fine fibres are given off to the sur- 
rounding tissues; they finally joi^ and fu^ with the supra- 
oesophageal ganglia. 

' The mproroetophageoL ganglia are two in number; they are 
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sitnated over the anterior aspect of the roots of the arms, extend- 
ing to the sides of the most anterior and curved extremity of the 
alimentary tube, over which a commissure passes connecting the 
two. The somewhat triangular space in this situation is thus 
completely filled out. The nerves which these ganglia give off 
to the arms, and which pass off from thorn in a lateral direction, 
are exceedingly rich and unusually large and capable of being 
traced for some distance. 

With reference to the minute histological structure of the 
nervous 'system in Lingula, a general uniformity obtains. The 
nerve and ganglion-cells, as indeed most of the other cells in this 
creatnre, are all very small, and high powers of the microscope 
are, therefore, to be employed, in order to see and recognize them. 
A good No. 9 Hartnack obj. with a No. 3 eye-piece is usually 
sufficient for the purpose. With such powers, the structure of 
the nervous system will be best revealed in specimens carefully 
preserved with picric acid and stained in borax-carmine. In such 
specimens the larger ganglia are found to consist of multipolar 
ganglion-cells, with broad and long processes anastomosinig with 
each other, and forming a thick and dense network. These cells 
vary very much in size and shape, and possess usually round, well- 
stained nuclei and nucleoli; their contents are finely granular, 
but not uniformly 'to ; sometimes one portion of a cell seems 
granular, the other portion homogeneous, and so on. Every 
large ganglion-cell usually gives off one long process, which 
passes towards the supporting lamella, and there is lost in the 
general felty network of the numerous fibres congregating in 
that situation. These processes are best seen in dorso-ventral 
longitudinal sections through the great sub-oesophageal ganglion 
(Fig. 17), and are much less noticeable in the other ganglia. 

So far as the course and distribution of the different nerves are 
concerned, they have been so accurately described by Y. B. that 
there remains nothing new for us to add in respect to them. We 
may, however, say that in all essential pointo the distribution 
and course of the various nerve-trunks in Lingula agree per- 
fectly with the description given us by Y. B. of Testicardino 
Brachiopods. * 

Before leaving the nervous system, mention must be made of 
certain cells the nature of which seems to be as yet doubtftil. 
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la Figs. 19 and 20 will be found certain well-defined cells, 
strongly granular, with distinct nuclei and nucleoli, imbedded in 
the wall of that portion of the oesophagus which is surrounded 
by the nerve-ring and the ganglia in connection with it, which 
cells may perhaps be regarded with a certain show of reason ae 
apolar ganglion-cells; it is also not quite improbable that they 
are the remains of some larval sense-organ, rather than salivary 
corpuscles. 

Schnlgin also mentions certain sensory cells which he found 
between ectoderm cells in some situations. I have not been able 
to convince myself with any degree of certainty of their exist- 
ence, unless some of the peculiar inter- or sub-ectodermal cells 
shown in Figs. 2, 4 and 5, are sensory in nature, which might 
possibly be the case. 

The Generative Organa. (Figs. 4, 10, 15 and 16.) 

The description of the genital apparatus of Lingula may be 
divided into two parts — namely : 1. That of the genital glanday 
which are the organs producing the ova and spermatozoa respect- 
ively ; and 2. That of the ovid/mta or aegmental organa (Morse), 
which conduct the spermatozoa and ova into the palfial .chamber 
and thence into the sea-water. 

The segmental organs have received by far the greatest amount 
of attention from the investigators of this class of animals, 
while the genital glands, more especially those which produce 
the spermatozoa, are as yet but very imperfectly understood ; and 
one of tbe main objects of this paper is to throw some additional 
light on this subject, if possible. 

Before proceeding to a more minute description of the genital 
organs as they exist in the creature we have been studying, it 
will be necessary to take a look over the somewhat extensive 
literature of this field of research, in order to realize the present 
state of our knowledge. 

Onvier, Owen and Yogt, the oldest writers on Brachiopods, as 
has been mentioned before, had no hesitation whatever in pro- 
nouncing as hearts what we now know to be oviducts, or pedtaps 
what we might more correctly term, with Morse, segmental 
organs ; and even Gratiolet, who wrote some time after Hancock 
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had pnbliBhed his views on the subject, still continued to adhere 
to the opinions of these older writers. 

It is more especially Hancock’s comprehensive article on the 
anatomy of Brachiopods which claims our attention for a moment. 
The views expressed by him very justly became the -most generally 
accepted ones of his day, and it is perhaps but fair to state, in 
general terms, that even at the present day most of his views, 
advanced nearly thirty years ago, cannot bo overthrown. 

Of the genitalia of WaMheimia amstralis^ Hancock says that 
they are formed of thick bands somewhat convoluted and 
branched; that they are of a yellow color and are thrust into 
the trunks and main branches of the great pallial sinuses. There 
are four of these bands, two in each lobe; those on the dorsal 
lobe are single and occupy the two outer or lateral sinuses, extend- 
ing from behind the occlnsor muscles to within a short distance 
of the anterior margin of the mantle. 

Their posterior extremities reach the peri-visceral chamber. 
The ventral pair extend as far forward as the dorsal, and are 
double — that is, each forms a loop the free extremities of which 
pass into the outer and inner sinuses of the same side ; the looped 
portions lie within the peri-visceral chamber at the sides below 
the oviducts. 

These genital bands, according to Hancock, afe attached to the 
inner lamina of the mantle throughout their whole extent by a 
membrane which, originating in the lamina, passes into a groove 
extending along the under surface of this genital baud. The 
genital or pallial artery is said to run along the edge of this 
-membrane, and has the reproductive orgails developed around it. 
On closer inspection he finds that these organs are in reality 
developed! between the two membranes which, it will be after- 
wards seen, compose the inner lamina of the mantle, and bulging 
out the interior of these, become suspended, as it were, in the 
pallial sinuses. 

Somewhat farther on in the text, Hancock says that the geni- 
talia are very perceptibly composed of two elements — ^the yellow, 
ovigerous substance which forms the chief mass, and a red 
material, for the most part distributed over the surface of this 
organ. . When, he remarks, the organ is in a low state of develop- 
ment, this red matter forms a narrow, irregular cord, which runs 
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along the side of the band and is occasionally spread over the 
surface of it in spots and blotches. When the ova are fully 
developed, this substance may still be seen as small specks on the 
surface and throughout the mass. 

This red matter, Hancock states, may prove to be the testis, 
and is made up of large, irregular cells inclining to oval, 
variable in size, and without any apparent nucleus. 

This whole account refers mainly to Waldheimia australis. 

This description of the generative glands in Waldheimia 
a/ustralis^ a Tcsticardine Brachiopod given by Hancock, is in 
almost perfect accord with what we have found with regard to 
the genital glands in the Ecardino Brachiopod Lingula. Indeed^ 
with one exception, they are identical. This exception is, that 
in the species of Lingula we have been studying, the genital 
bands contained within the mantle-sinuses are attached to the 
outer leaflet and have no genital artery, instead of their being 
attached to the inner leaflet of the mantle and provided with a 
genital artery, as is the case in Waldheimia. 

Nevertheless, Hancock states from Lingula, of which he 
studied two species — namely, Z. anatina and Z. affinis — that 
the reproductive organs are withdrawn altogether from the 
mantle-sinuses and are placed in the visceral chamber^ as they are 
also stated to be in Discina. Hancock describes the reproductive 
organs of Lingula as being very bulky, and as occupying a very 
large portion of the visceral chamber ; they lie, he says, for the 
most part, behind the liver and surround the alimentary tube, 
forming four irregularly branched and lobed masses, two above 
and two below the tube, which he designates as the dorsal and 
ventral lobes respectively. Tlie ovaries themselves are, accord- 
ing to Hancock, suspended by the parietal bands and their reflected 
portions, which agrees perfectly with the condition of things as 
they exist in Lingula pyramidata^ so far, of course, as that portion 
of the generative glands is concerned which is contained within 
the visceral chamber. 

It becomes now necessary to examine Hancock’s views as to a 
certain reddish-yellow mass or substance which he found covering 
the surface of the ovaries, and which he supposed to be the testis. 
This substance, he remarks, assumes the form of a dendritic or 
branched organ as it spreads over the surface of the ovarian masses. 
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Over the dorsal oTaries he descnbes this organ as passing iiom 
behind forward in two lateral i^visions, on the ventral ones in 
three, two lateral and one median. 

He also observed, when attempting to remove the membrane 
forming the dorsal and ventral walls of the visceral chamber, that 
those dendritic organs came away with it. He was origmaRy 
induced to believe that they were organically connected with it, 
but Airther experience, he says, convinced him of the fact that 
they were really a portion of the genital mass — that is, of the 
ovarian masses contained within the peri-visceral chamber — and 
had nothing to do with the body-walls. Their adhering to and 
coming away with these walls, he thought was explained by 
the pressure which was exerted on these masses by the closure 
of the valves. 

Nevertheless, if Hancock had adhered to his original impression, 
and had followed it up more carefully than he did, it would, in 
our opinion, have led him to the true origin of these dendritic 
masses, which, as we will learn later on, are really organically 
connected with the body-walls. 

That this so-called dendritic or branched organ of which 
Hancock speaks, was really the testicular mass, may be inferred 
with certainty from his own microscopical examination^ whidi 
proved it to be composed of irregular cells, somewhat elliptical 
in form, and closely resembling the reddish substance observed 
in connection with the ovaries of Waldheimia. The cells in 
Lingula, however, appeared to him to present different stages of 
development, varying much in size and shape and being filled 
with numerous hair-like bodies resembling spermatozoa. A 
glance at Fig. 16, will, perhaps, answer the description of 
the bodies he describes. 

Whether or no Hancock discovered the true origin of these 
bodies, it is snfiScient for our present purposes to know that he 
came nearer to it than any of his successors, and that he did 
recognize in them their true nature, which is that they formed 
the male element of generation. His conclusion, therefore, that 
the sexes in all the Brachiopods were united, was, of course, 
natural enough. 

Fig. 10 is a small part of a transverse section through the 
lateral body-wall, showing the origin and true seat of develop- 
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ment of the Bpermatopliores and the ^ithelium covering them 
od their internal surfaces, over the internal surfaces of 

both lateral body-walls the spermatophores are densely crowded 
together, forming a very thick layer, which extends far into the 
peri-visceral chamber, coming into close contact with the mesen- 
teric bandlets from which the ova are principally developed, and 
which, therefore, the spermatophores seem to cover. Figs. 16' 
and 16 show their development from the genital ridges which 
are contained within the mantle-sinuses and their branches. 

The intimate structure of the genital ridges, their loops, which 
hang in the peri-visceral chamber, and that of the lateral, and, to 
a certain extent, also of the dorsal and ventral body-walls, is in 
the main identical. These structures are all in direct continuity' 
with each other, and their structural differences, which are 
slight, will again engage our attention at the end of this chapter. 

Very different from the views of Hancock are those advanced 
by Gratiolet, who believes that the peculiar bodies described and 
named by Hancock spermaU^horea, are not spermatophores, but 
ymvng IMgvlaa. x Gratiolet believes Lingula to bo an hermaphro- 
dite animal, in which, however, hermaphroditism is not simulta^ 
neons, but rather successive ; that is to say, the animal is first a 
male, filling the visceral cavity with a spermatic fecundating 
fiuid to fructify the ova, which are to be developed subsequently, 
somewhat after the fashion of Davaine’s theory of the fructifica- 
tion of the oyster. The structures which develop the ova also 
develop the spermatophores, according to Gratiolet. ■ 

Shipley, in his article on Argiope, makes the following remark 
with regard to the sexual apparatus — viz. : Although I have 
not been able to find a male Argiope, yet I have no doubt that 
this genus, like the other members of its class, is dioecious. In 
those Argiopes which I have examined I find no trace of a testis, 
and in the allied genera, Laeaze-Duthiers describes a male 
generative gland in a position similar to that occupied by the 
ovary in Argiope, and I have myself seen the testis of Megerlea in 
Ihe same position.” 

Strangely enough, Schulgin, one of the latest investigators of 
Brachiopods, likewise states that in all the species of Argiope ex- 
amined by him (which include a laige number) he was unable 
to find a single male specimen, but, nevertheless, expresses him- 
self as very decidedly in favor of the bisexuality of Argiope. 
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The question might be asked, Could both Shipley and Schulgin 
perhaps have overlooked the existence of spermatophores, and 
misinterpreted the structures from which they are developed ? 

With reference to this point, Prof. Morse says that he believes 
’that in all the Brachiopoda the sexes will be found separate, and 
that in Lingula the spermaries occur in the peri-visceral cavity 
in masses like the ovaries. Having studied them alive, Morse 
continues, it was found that while in some individuals the 
ovarian masses nearly filled the peri-visceral cavity, in others the 
spermaries occupied similar positions. According to Morse, 
Lingula and Discina are identical in this respect. 

Yan Bemmelen also believes in the sexes being separate, at 
'least in Testicardine Brachiopods, while Oscar Schmidt holds 
that they are united in the same individual. It is clear, then, 
that the weight of evidence is in favor of the bisexuality of the 
group, and all the more modem authors are almost unanimous 
on this point. It was, therefore, only after considerable hesita- 
tion that I was forced, by the evidence before me, to believe in 
^the fact that, so far at least as Lingula is concerned, the sexes 
are united within the same individual. 

Ho specialized male organs of generation have so far been de- 
scribed as occurring in Lingula ; but it was thought that wher- 
ever, in the female, vOva were developed, in the male, sperma- 
tozoa were found to develop ; and even Hancock was of that 
opinion, although he saw both develop side by side within the 
same individual. 

Hancock’s views are still correct, so far as the genital ridges 
within the mantle-sinuses are concerned. Within these, accord- 
ing to our interpretation, both ova and spermatophores develop' 
side by side; it is, hoipever, different within the peri-visceral 
chamber. Here the ova are confined principally to the mesen- 
teric bands and their refiected portions — in other words, occupy a 
more central position with relation to the animal — ^while the 
spermatophores occupy the peripheral walls of the visceral cham- 
ber — ^in fact, are almost exclusively developed from the peritoneal 
epithelium covering (in many layers and much modified) tho 
lateral body-walls and to a slight extent also the dorsal and 
ventral. 

While, then, in our opinion. Lingula is an hermaphrodite 
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animal, it is nevertheleBs rare to find both ova and spermatozoa 
present in equal proportions and equally developed vritbin the 
same individual. In those individuals in, which, for instance, 
the male elements largely preponderate, fully developed ova are 
sometimes very few, and may even be found entirely confined to 
the mantle-sinuses, so that, on a superficial examination, they 
might be entirely overlooked. A more careful examination of 
an entire series of sections, however, will invariably result in 
finding both male and female organs of generation within the 
same individual. 

As already mentioned, the principal seat of development of the 
spermatophores is the lateral body-wall. This arrangement 
seems to be in perfect harmony with the close apposition in 
some individuals of the cup-shaped internal extremity of the' seg- 
mental organs to the lateral body-walls, which, so far, has re- 
mained unexplained. One of Oratiolet’s objections to the view 
that these organs are oviducts instead of hearts, was this very cir- 
cumstance. He said if they are oviducts, intended to can 7 the ova 
from the peri-visceral chamber to the exterior, their internal open- 
ings ought to be directed towards the eggstocks ; meanwhile, they 
are closely applied to the lateral body-walls. But we know also 
that the internal openings of the segmental oigans are not always 
in this position, but occupy places which would materially favor 
the passage of ova into them. We would, therefore, consider 
them as movable organs intended to take op spermatozoa or ova 
and carry them into the mantle-chamber at certain intervals; and 
in accordance with this double function the relative position of 
their internal openings changes : at one time it will be found 
snugly applied to the lateral body-walls, and then spermato- 
pbores may be seen within the oviducts ; at another, their ciliated 
inner extremity will point directly backward towards the most 
posterior portion of the visceral chamber, into which fully devel- 
oped ova usually drop, and under these circumstances ova may be 
detected within the oviducts. Having never seen either ova or 
spermatophores within the same oviduct, it is not to be supposed 
that fructification takes place inside of the animal, but rather 
that this occurs in the mantle-chamber or in the sea-water. 

With reference to the mode of development of the ova — so far, 
of course, as this may be studied from sections only — ^it appears 
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to be abont ae follows : To b^in with, we think there can now 
hardly be any doubt as to the ova springing directly from the 
eells composing the peritoneal lining membrane. The cells com- 
posing this structure are, under normal conditions, small, round 
or polygonal cells joined together edge to edge; they possess a 
well-defined and usually round nucleus, which lies imbedded 
within the homogeneous cell-substance. Over the mesenteric 
bands and their reflected portions, where ova are developed, 
these cells at first become roundish, lose their transparency and 
take on a granular character. The nucleus now seems somewhat 
obscured, but as development proceeds it reappears, and is now 
much larger than it was before. During the intervals of the 
breeding season the ova in this stage of development may become 
detached and wander about, growing larger, however, all the time, 
so that ova in almost all stages of development may be found 
floating around everywhere. Finally, the granular contents 
become differentiated into the yolk and the germinal vesicle is 
formed from the nucleus, and so is also the germinal spot. 
During the breeding season almost all these difierent stages may 
be studied on one single branch of mesenteric filament, the ripest 
ova being always found near its end and farthest away from the 
main stem. 

The development* of the spermatophores, which also takes 
place from peritoneal epithelium, is somewhat different. Here 
the nucleus seems to be the all-important element. This at 
first becomes slightly oval and elongated, being surrounded by a 
none of clear, transparent, structureless protoplasm. The nucleus 
now assumes a very finely longitudinal, striated ap^pearance, grows 
rapidly, until it ^ally entirely fills its surrounding envelope^ 
Which it seems to burst open, when it becomes a fully developed 
spermatophore. Fig. 16 will illustrate these points. The devel- 
opment of the ova is, perhaps, best followed by examining 
Fig. 21. 

The oviducts having been repeatedly and very accurately pio> 
tured and described by most authors on the anatomy and 
structure of Brachiopods, it would seem superfluous to say any- 
thing more abont them here, since my studies have only 
confirmed the correctness of the descriptions, given ns by the 
more modem authors on the subject. 



STRUCTURE OF LINQULA RTRAMIDATA. 861 


BEFEBENOES. 

B. OwEK. On the Anatomy of the Brachiopoda. Transactions 
of the Zool. Society of London, VoL 1, 1835. 

T. H. Htxxlet. Contribations to the Anatomy of the Braoh- 
iopoda. Proceedings of the Boyal Society of London, Vol. YU, 1864. 

A. Hi-KCOCK. On the Organization of the Brachiopoda. Philo* 
sophioal Transactions, Vol. CXLVIll, part II. 

M. PiBBBE Gbatiolet. Becherches ponr servir it I’histoire des 
Brachiopodes ; premia et denxi5me monographies ; Journal de 
Oonchyliologie 8. 1860, 8™ serie IV. 

Edwabd S. Mobse. On the Systenoatio Position of the Brachiop* 
oda. Proceedings of the Boston Society of Natural History, VoL 
XV, March 19, 1873. 

Edwabd S. Mobse. On the Early Stages of Terebratnlina Sep* 
tentrioualis. Memoirs of the Boston Society of Natural History, 
Vol. II. 

W. E. Bbooks. Development of Lingula. Chesapeake Zool. 
Laboratory. Scientido Besults of the Session of 1878. 

Db. I. F. Vak Bemheleit. Untersnchnngen uber den anato- 
mischen und histologischen BaiU der Brachiopoda Testicardinia. 
Zeitschrift f&r Naturwissensohaft XVI. N. F. IX, 1. n. 2, Jena, 
Verlag von Gustav Fischer, 1883. 

E. Shipley. On the Development and Structure of Argiope. 
Mittheilungen ans der Zoologisohen Station zu Neapel, IV Band, 4 
Heft. 

M. A. SoHULGiH. Argiope Eowalewskii Ein Beitrag znr Eennt* 
niss der Brachiopoden. Zeitschrift fur wissenschaftliche Zoologie, 
Band 41. Heft I, Nov. 4, 1884, page 116. 

Db. Oabl Voqt. Anatoraie der Lingula anatina. Neue Denk* 
sohriften der Allgem. Schweizerischen Gesellschaft fur die gesamm- 
ten Naturwissenschaften. 

EXPLANATION OF PLATES. 

Plate XIV. 

Fio. 1. — Bepresents a transverse section of shell and mantle from 
a point about midway between margin of mantle and anterior body- 
wall ; A. I,, homy layer; c. I, calcareous layer of shell with cu., cuticle ; 
notice the peculiar round, little globules beneath the cuticle; ee., 
ectodermal epithelium; m. s., mantle-sinus lined with p. e., peritoneal 
epithelium; g. r., generative ridge, X piece of shell and cuticle broken 
pfH Magnify OcuL iii. Objective vi. 
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Fia. 2. — ^Transverse section through mantle and shelly on larger 
scale than preceding; letters same as in Fig. showing peculiar so- 
called calcareous corpuscles, c. c., and the vacuoles left between ecto- 
derm and supporting lamella after treatment with picric acid, vac. 
Magn. Oc. iii, Obj. 9, Hart. 

Fig. 3. — Section through margin of shell and mantle ; sA., shell, 
cuticle; sc., ectodermal layer next to shell; A., hair tip of margin 

of mantle. Magn. Oc. iii, Obj. 9. 

Fig. 4. — Transverse section through margin of mantle, shell and 
mantle-sinus; cuticle; A., hair; sA., body of shell diagrammatically 
represented; s./., supporting fibres; sc., ectodermal layer lining shell; 
y. o.y young ova; g. r., generative ridge contained within m. s., mantle- 
sinus ; sp.y spermatophores ; m. m.y mantle-margin ; sc., ectodermal layer ; 
peritoneal epithelium lining the entire mantle-sinus, except over 
generative ridge, where it is much modified; pl.y plexus of corpuscu- 
lated supporting fibres or sensory cells of Schulgin. 

Fig. 5.— Section through part of mantle-margin; gold prepara- 
tion; s. ty supporting tissue and hair diagrammaticolly represented; 
mantle-margin showing large granular cells, gr. c., stained a very 
dark, brownish-red; /. gr. c., finely granular cells almost unstained; 
fy peculiar, spindle-shaped, elongated cells which may be either sup- 
porting fibres or perhaps also the sensory cells of Schulgin, to which 
they seem to correspond both in situation and appearance. Magn. 
Oc. iii, Obj. 9. ^ 

Fig. 6. — Dorso-ventral longitudinal section from borax-carmine 
specimen ; lac,y space hollowed out of the supporting tissue, various 
sizes and all lined by peritoneal epithelium; t;., bundle of supporting 
fibres forming a sort of partition and extending laterally and hori- 
zontally to a considerable distance around that portion of the oeso- 
phagus, probably serving as a valve of some kind ; cc., wall of 
oesophagus; cat;., cavity of oesophagus; dl., ciliated portion of 
oesophagus; 1. Z., liver-lobule; n. s., section of part of central sub- 
oesophageal ganglion; bhy blood-corpuscles; t.y section of one of the 
tentacles projecting from the lower lip, 1. p. ; s. t.y bundles of sup- 
porting fibres running between two layers of supporting tissue, and 
probably subserving the same function as v.; u. 2., upper lip; g. c., 
peculiar large cells, probably apolar ganglion-cells. Magn. Oc. iv^ 
Obj. 6. 

Plate XV. 

Fig. 7. — Section of liver-lobul^ showing thin outer coat of. loose 
suppoiting tissue^ ct.y with peritoneal epithelium, p. e.; one or two 
layers of large, round or polygonal granular cells next to supporting 
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layer, 1. g. c., and very large and finely granular cells, m. c., in the 
centre, with processes looking like mucous shreds. Magn. Oc. iii, 
Obj. 9. 

Fio. 8. — Dextro-sinistral longitudinal section of mantle intended 
to show the structure of the papillae, which are filled with blood* 
corpuscles. Magn. Oc. iii, Obj. 6. 

Fia. 9. — Transverse section of intestine below stomach, showing 
an outer coat of loose connective or supporting tissue, in which 
numerous blood-corpuscles are generally found, not represented in 
the drawing ; w., wall ; eil., ciliated internal layer. Magn. Oc. iii, 
Obj. 6. 

Fia. 10. — Transverse section through lateral body-wall; ec., 
ectodermal covering ; vac., vacuoles ; 1. c., lime-cells ; s. 1., supporting 
lamella ; p. &, modified peritoneal epithelium ; r. sp., cross-sections of 
ripe spermatophores ; sp.^ spermatophores. Magn. Oc. iii, Obj. 9. 

Fio. 11. — Transverse section of oesophagus, intended to show the 
two lateral blood-channels, lac., extending between the roots of the 
arms and the peri-visceral chamber, and also communicating with 
the sub-oesophageal blood-lacunes ; they are always filled with 
blood-corpuscles ; s. /., strong bands of supporting lamella separating 
the ventral blood-lacunes ; oe., oesophagus. Magn. Oc.’ iii, Obj. 3. 

Fig. 12. — Longitudinal section through intestinal canal below 
stomach ; p. e., very dense layer of peritoneal epithelium ; si., supple 
layer of supporting lamella; w., wall of intestine; cil., ciliated 
internal layer of same. 

Fig. 13. — Dorso-ventral longitudinal section taken through the 
median line, showing p. J>. w,, posterior body-wall with peculiarly 
modified granular ectodermal cells ; pch,, semicircular pouch or 
margin surrounding base of peduncle, pad. ; cu., thickened cuticle of 
peduncle ; st., network of fine supporting or connective tissue fibres; 
p. 0. m,, posterior occlusor muscle. Magn. Oc. iii, Obj. 6. 

Plate XVI. 

Fig. 14 — ^Transverse section from near origin of peduncle from 
posterior end of ventral valve ; cu., the thickened cuticle ; 1. U., large 
blood-vessel; cp., cavity of the semicircular pouch seen in longitudi- 
nal section in Fig. 12 ; p. b. io., modified ectoderm cells of posterior 
body-wall ; p. o. m., diagramnmtic representation of attachment of 
posterior occlusor muscle. Magn. Oc. iii, Obj. 7. 

Fig. 15. — Transverse section of portion of mantle, with shell 
through mantle-sinijis showing genital ridge, g. r., filled with 
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iramerouB granules of sperm-mat^al ; 8. p., spermatophores; h. 1., 
homy layers diagrammatioally represented; e. 1., calcareous layer of 
shell; I c., lime-cells; m, e., beginning modification of peritoneal 
epithelium ; ec., general ectodermal covering ; ah,, shelL Magn. Oo. 
iii, Obj. 7. 

Fio. 16. — Section through mantle in situation of branchial pouch 
at base of mantle-margin, showing generative ridge and contents ; 
borax-carmine specimen ; ee., general ectoderm ; 1. c,, lime-cells ;p. e., 
peritoneal epithelium; y. o., young ova; ap., spermatophores of 
various sizes, X the point at which peritoneal epithelium begins to 
become changed. Magn. Oc. ii, Obj. 4. 

Fig. 17. — Dorso-ventral longitudinal section through Central sub- 
oesophageal ganglion, showing the ventr^ half of the ganglion ; ec., 
general ectodermal covering, the cells here running several layers 
deep ; 1. g. c., very large multipolar ganglion-cells ; pr., peculiar wavy 
processes emanating from these ganglionic bodies and pursuing an 
antero-posterior course, finally splitting up into finer branches, and 
becoming lost in the thick and dense, felty network of fibres bordering 
on the supporting lamella; a. t., supporting tissue very much 
thickened. Magn. Oc. iii, Obj. 9. 

Fio. 18. — Transverse section through about the centre of the 
lateral sub-oesophogeul ganglion; ec., general ectodermal covering; 
l.g. c., large mnltipolar ganglion-cells; a.t., supporting tissue very 
much thickened in this situation. 

Fig. 19. — Section through- supra-oesophageal nerve-ganglion and 
portion of the most anterior extremity of alimentary canal; g. c., 
probably apolar ganglion-cells imbedded in the wall of the oesoph- 
agus; a. oe. g., supra-oesophageal ganglion, in structure essentially 
the same as the other two, but with smaller cells ; separated from the 
oesophagus by a thick layer of loose supporting tissue, a. t.; ec., 
general ectodermal covering; p. e., peritoneal epithelium of large 
sub-oesophageal blood-lacune. Borax-carmine spec. Magn. Oc. iii, 
Obj. 7. 

Plate XVII. 

Fig. 20. — Transverse section of anterior extreniity of oesophagus 
and gullet, taken at about the level, marked v. in Fig. 6; the drawing 
is made from the extreme lateral portion of the transverse slit leading 
into-the mouth ; sa., general ectodermal covering; /oa., blood-laounes; 
a. L, extreme lateral portion of anterior lip of month ; ^., space left be- 
tween 0 . 1., anterior lip, and p. I, posterior wall of month or gullet, and 
showing cilia; g. c,, peculiar large cells with thick and numerous 
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granules, well-defined and usually eocentrio nuclei and nucleoli, 
probably representing apolar ganglion>cells ; c. c., spindle-shaped cells, 
possessing one or more nuclei and imbedded in s. which is to repre- 
sent the homogeneous supporting substance in this situation ; lac.y 
ordinary blood-l^unes. Magnif. Oc. ii, Obj. 9. 

Pig. 21. — Prom a dorso-ventral longitudinal section, showing bands 
of) supporting tissue covered with peritoneal epithelium undergoing 
modification and in the process of forming ova; m. p., modified peri- 
toneal epithelium ; /. d. o., fully developed ova, ready to drop off, 
always to be found at the most dependent portion of these genital 
bands suspended from the oviducts and mesenteric bands. Picro- 
carmine specimen. Magn. Oc. iii, Obj. 9. 




OBSERVATIONS UPON THE BLOOD OF LIMITLUS 
POLYPHEMUS, CALLINECTES HASTATUS 
AND A SPECIES OF HOLOTHUBIAN. By 

W. H. HOWELL, Ph. D., Associate in Biology, Johns Hop- 
kins University. With PI. XVIII. 

The chemical and microscopical study of the blood of lAmvuhi* 
Polyiphemm and Callineetes haatatua^ the results of which are 
given in the following paper, was undertaken by the author 
partly with the hope that it might throw some light on the sup- 
posed relationship of the Limulns to the crustaceans. 

There seems to be no good reason why, to a certain extent, 
there should not exist in closely related animals, having tlie 
same general habits of life, a fundamental similarity in the 
chemical composition of the blood — what might be called a 
homology of chemical composition, comparable to the homolo- 
gies of anatomical structure, which are of so much importance 
in determining relationships ; though different habits of life in 
animals originally sprung from a common stock, or similar 
habits of life in animals not closely related, might very well 
bring about, in the first case, changes in the composition and 
properties of the blood, or, in the second case, produce a simi- 
larity not caused by community of origin. It is possible, though 
facts are wanting to give the idea any stronger claim to notice, 
that in the blood, -for instance, chemical substances, albumens,- 
that no longer possessed important functions in the nutrition of 
the animal, might nevertheless persist in the blood as remnants 
of a former mode of life, analogous to the rudiments of 
anatomical structure, and, if correctly understood, might, as well 
as these, give useful information with r^ard to the true affinities 
of the animal. 

The main purpose, however, that was held in mind daring the 
investigation, was that the results might contribute to a better 
understanding of the chemical and microscopical phenomena of 
coagulation in mammalian blood. There is every reason to 
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believe that the process of coagulation among these lower 
animals is a simpler act, and offers easier conditions for study 
than we have among the higher forms. A knowledge of the 
process here must certainly throw some light on the same phe- 
nomenon among the higher vertebrates. Very little can be 
expected in this direction from the study of two or three isolated 
forms, and I hope in the future, as occasion offers, to add to the 
facts here given the result of investigations on the blood of other 
invertebrates. The results here given were obtained during a 
stay of two months at the Marine Laboratory of the Johns 
Hopkins University in the summer of 1886. I desire to express 
my thanks to the director of the laboratory. Dr. W. £. Brooks, 
for his kindness in placing facilities for work at my disposal. 

In a late number of the Journal of Physiology^ Vol. VI, 
No. 6, there is a paper by W. D. Halliburton, “ On the Blood of 
Decapod Crustacea,” which has appeared since my work was 
completed. In some points Halliburton’s results on the cmstacea 
coincide with those obtained by me from Gallinectes, and in some 
points we differ; but, inasmuch as my work was done chiefly upon 
the limuluB, while Halliburton appears to have had only incom- 
plete opportunities for studying this animal, the publication of 
my investigations will still add some new tacts to our knowledge 
of the chemistiy of .invertebrate blood. 

I.— LIMULUS POLYPHEMUS. 

Limulus occurs in large numbers on our coast during the 
summer months. On account of the large quantity of blood it 
contains, and the ease with which this blood can be obtained, it 
makes a very convenient animal for study. The usual method 
of getting blood was to puncture the heart through the soft 
int^ument joining the abdomen to the cephalo-thorax, and allow 
the blood to spurt directly into a receptacle. In a few cases a 
hole was trephined through the carapace, and a cannula inserted 
into one of the aortic trunks springing from the anterior end of 
the heart. , The blood was pumped directly through the cannula 
and the rubber tubing connected with ft into the receiving 
vessel. The blood obtained by this method did not seem to be 
any purer than that obtained by simply puncturing the heart, so 
the method was soon abandoned. 
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InveBtigationB of the blood of Limulns have been made by 
Genth,* who concerned himself chiefly with the ash of the blood, 
demonstrating in it the presence of copper, and more recently 
by Gotch and Laws,* and also Halliburton.* The work of Gotch 
and Laws, as far as the organic constituents of the blood are 
concerned, is very incomplete and in some points erroneous. 
The work of Halliburton will be spoken of farther on in the 
courso of this paper. 

The blood of the Limulus as it escapes from the heart is at flrst of 
a milky white color, but soon changes on exposure to the air to a 
dirty bluish white. Within a few seconds after being shod the 
blood begins to clot. The coagulation of the blood, as far as my 
experience goes, never gave so firm a jelly that the vessel con- 
taining it could be inverted without losing the blood. Quite fre- 
quently the clotting took place in more or less isolated clumps or 
shreds, which after a time sank to the bottom. In other cases a 
continuous mass of fibrin formed in the blue liquid, sometimes 
floating freely, and at other times sinking to the bottom, so as'to 
form a firm, gelatinous layer along the bottom of the glass vessel. 
The blood never jellied firmly throughout its entire mass, the fibnn 
formed floating more or less freely in the blue serum. In many 
cases the serum could be decanted from the gelatinous lumps of 
fibrin a few minutes after coagulation had begun. The coagula- 
tion takes place in a remarkably short time, and efforts made to 
prevent it by the ordinary methods of cold and mixture of the 
blood with neutral salts were unsuccessful. Blood allowed to 
flow directly into a cylinder packed in ice clotted almost as 
quickly as at the ordinary temperature. Halliburton states lliat 
Ae coagulation is prevented by the admixture of a laige amount 
of saturated magnesium-sulphate solution. I tried the same 
experiment several times, but in each case the blood clotted, 
partially or completely ; the cause of my failure may have been 
that the proportion of saturated magnesium-sulphate solution to 
the quantity of blood used was not sufiSciently large. The 
serum obtained after removing the coagulum was usually of a 
deep blue or greeni|h-bloe color by transmitted light, while by 
reflected light it gave an opaque whitish-blue color. Its reaction 
to litmus paper was very strongly alkaline. 
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AWumens of the Serum. 

Numerous specimens of the serum were neutralized or made 
feeblj acid with one per cent, acetic acid, and then slowly and 
carefully heated in a test tube in which a thermometer was fixed; 
the whole being immersed in a double water-bath made of two 
beakers. The neutralization of the serum gave always a slight 
albuminous precipitate, which was filtered off before the heating 
experiipent was begun ; the nature of this precipitate will be 
spoken of farther on. 

The general result of the heat experiments was that the serum 
gave four qpagulations at different temperatures. If each coagu- 
lation indicate the existence of a distinct albumen, then we have 
intheLimulus serum four different albumens coagulating respect- 
ively at 68“-60°C., 68°-70®C., and 78‘’-80°O. The 

coagulations at 60*’G. and 75°0. were very slight, so that the 
albumens coagulating at 68°G. and 80°G. constitute the main 
bulk of the albumens of this serum, and of these two the albu- 
men coagulating at 80°G. is the more abundant. 

The first three of these albumens were completely precipitated 
after heating for five or ten minutes at the proper temperature; 
when the precipitate was filtered off, and the filtrate again 
heated to the saxpe temperature, no further precipitation 
occurred. Quite a different result was obtained from the last 
albumen. When the serum was heated to 78®-80“G. for ten 
minutes, or even half an hour, and the strong precipitate that 
was formed was filtered off, the clear filtrate, when again heated 
to the same temperature, gave an. exactly similar precipitate. 
In order to remove the albnmen completely, this process had to 
be repeated from ten to twenty times. In the first experiments 
it was noticed that the temperature of heat coagulation during 
these repeated heatings rose to 84*’-85*’G., and it was at first 
supposed that this was caused by the presence of several different 
albumens. It was soon found, howevmr, that this was owing to 
the increased alkalinity of the serum: the separation of each 
precipitate left the serum slightly more all^aline. If care was 
taken to keep the serum always just neutral or very feebly acid, 
the temperature of coagulation remained constantly at 80*’-81°G. 
until all of the albumen was completely removed, and a noo- 
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albaminous liquid remained. Since in a completelj nentral 
semm all of these precipitates occur at the same temperature, at 
least within one or two degrees, the simplest supposition is that 
we have here only one albnmen, and that the separation of a 
portion of this albumen from its solution in some way hinders the 
coagulation of the remainder. No attempt was made to precip- 
itate the whole of this albnmen by a single prolonged heating to 
SO^O. I am inclined to think, however, that this would not 
have been successful — that is, if the temperature was kept con- 
stantly at 80°C. If the temperature was raised to 85°-90‘’O., all 
of the albumen was quickly precipitated. Toward the end of 
these partial precipitations each precipitate became very small, 
appearing first as an opalescence that soon became fioccnlent and 
settled more or less to the bottom. If kept now at 80°C. for ten 
or fifteen minutes longer, there was no sign at all of any increase 
in the precipitate ; while if the precipitate was filtered oiF, and 
the clear filtrate again heated to the proper temperature, a new 
opalescence quickly appeared which soon separated out from the 
liquid as a fiocculent precipitate. 

Halliburton states that haemocyanin of Limulns blood has the 
‘‘same heat-coagulation temperature as in Crustacea” — that is, 
66®-66® 0. This is certainly an error : Limulus blood contains 
one albumen coagulating at 68° 0., but it contains three others 
besides, and the name of haemocyanin is more justly applied to 
the albumen coagulating at 80° 0., as will be shown later. 

Action of Nmt/ral Scdta on the Servm. 

Ammonium sulphate added to' the serum to saturation com- 
pletely precipitates all of the albumens, leaving a colorless 
liquid, which gives no precipitate on boiling and no proteid 
reaction with nitric acid and ammonia. Sodium sulphate has 
a similar action : it precipitates all of the albumens, though it 
acts less rapidly than the ammonium sulphate. Magnesium 
sulphate added to saturation gives a very large precipitate. 
It was found impose^ble to separate this precipitate thoroughly 
by filtering; although the solution was repeatedly filtered 
through the same paper, the filtrate still came through very 
turbid, and gave a strong precipitate when boiled. I have 
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BBTeral times thoroaghly saturated the serum with HgS04, 
putting in a large excess of the finely powdered salt, and 
left the solution for several days, frequently stirring it, but 
always with the same result: a very large, precipitate was 
produced, and this, when filtered off, gave a turbid solution still 
containing albumen in solution. 

The precipitate caused by the MgSOi was filtered off as com- 
pletely as possible, and, after purification by re-precipitation or 
washing, was dissolved in water and heated in the way described 
for the serum. The results were somewhat contradictory, owing, 
doubtless, to the fact that the solutions contained different 
amounts of MgS04. Evidence was given of the presence of the 
three albumens of the serum coagulating at 68°, 75°, and 80° 0. 
The albumen coagulating at 58°-60° C. did not appear in this 
precipitate, but this might have been caused by the small 
quantity of it which exists in the serum, and the incompleteness 
with which the MgS04 precipitate was filtered off. I believe that 
the MgSOi added to saturation precipitates all of the albumens 
of the serum completely, except the one whose temperature of 
heat coagulation is at 80° 0. It precipitates this last albumen 
only in part. When the first three albumens were completely 
removed from neutralized serum by heating for some time at 75°, 
and the clear blue ^rum thus obtained was thoroughly saturated 
with magnesium sulphate, this last albumen was only partially 
precipitated. Halliburton states that all of the proteids are 
precipitated by saturation with magnesium sulphate, but gives 
no particulars. 

Sodium chloride added to the serum to saturation gives only 
a small precipitate. This precipitate was collected on a filter, 
thoroughly washed, dissolved in water, and then slowly heated. 
Two coagulations occurred, one at 60°-62° 0., very small, and 
one at 75° 0. So that the first and third of the serum albumens 
are precipitated by saturation with sodium chloride. 

Other Beaetiona of the Serum. 

Portions of the serum diluted about ten times with cold water 
and submitted to the action of COi, while kept at a low tem- 
perature, gave always a flocculent precipitate. This precipitate 
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waa filtered off, washed with water saturated with COi, dis* 
solved in a 2 per cent NaOl solution, and heated. The solution 
became opalescent below 70° 0., but no distinct precipitate was 
noticed until the temperature reached 78° C. The albumen 
coafpilating at 78°-80° C., therefore, appeared to be the only one 
precipitated by GO<. The precipitate in this case, however, was 
found to be caused by the dilution rather than by the 00>. 

Sernm dilated ten times with water, and allowed to stand, 
soon deposits a fiocculent precipitate which, when washed and 
dissolved, gives, on heating, two coagulations, one at 70°-72° 0., 
and one, much larger, at 80° C. Passing COt through the 
diluted serum appears to diminish rather than to increase the 
precipitate formed. The albumen coagulating at 70°, which is 
only slightly precipitated by the dilution, appears to be partially 
dissolved by the subsequent action of the CO>, so that on heating 
it gives only an opalescence. After filtering off the precipitate 
caused by dilution, the passage of OOi has no further effect. 
CO< passed through the undiluted serum gives a slight pre- 
cipitate, which was not examined for its temperature of heat 
coagulation. 

When serum is exposed to the air for some time, a precipitate 
forms. In several cases the sernm was allowed to stand in a 
cool place for twenty-four hours, and the precipitate formed, after 
washing, etc., was heated. l{ gave two coagulations, one very 
small, at 75° 0., and one at 80° 0., much larger,- and evidently 
constituting the bulk of the precipitate. 

The action of dialysis on the undiluted serum was also tried. 
It was not possible to obtain distilled water, and rain water 
drained from the roof of the house into a cistern was nsed instead. 
This cistern water was only approximately free from salts, and 
the results of the dialysis are therefore incomplete. After 
dMyzing the serum in parchment tubes for thirty-six hours, with 
frequent renewal of the outside water, quite a considerable 
precipitate was obtained. This precipitate, after treatment in 
the usual way, was dissolved in a two per cent. NaCl solution 
and heated. It gave two coagulations, one at 70° C., and one 
at 80° 0. 

Neutralization of the serum with 1 per cent, acetic acid, 
which was always done before a heating experiment was trie<4 
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caused a small precipitate to form. This precipitate, dissolved 
in a two per cent. NaOl solution, coagulated at 78**-80° 0., so 
that a portion of this albumen is precipitated by simple neutral* 
ization or very feeble acidity of the serum. If the serum was 
made distinctly acid with 1-per cent, acetic acid, a strong 
precipitate was formed. The filtrate from this precipitate was 
clear at first, but soon became opalescent, and after the addition 
of a little more acetic acid deposited a new precipitate. The 
filtrate from this, also clear at first, soon gave a third precipitate. 
After this last precipitate had- been filtered off, the solution 
remained clear ; a portion of it, boiled, gave a small precipitate, 
and a portion which ^yas neutralized gave a larger precipitate. 
1 per cent, acetic acid, therefore, added to serum until decided 
add reaction is obtained, precipitates nearly the whole of the 
albumens, and converts a portion of tlie remainder to add 
albumen. The precipitate produced by the acetic acid is in- 
soluble in water and dilute saline solutions. 

From a eoTiaideration of the reaciione gimm, we mmt conclude 
that the alhumena of Limulua eenm hdong to the globuUn group. 
They tear a cUmr reaemhlanee to pwragltdmlm^ perhaps, than to 
any other albumen, though they are certainly not identical with 
it. The partial precipitation of some of these dUmnms by 
sodium chloride, the much larger precipitate caused by magnesium 
sulphate, the partial predpitaMon by diluMon with water, by 
dialysis, and by simple exposure to ihe air, are all reactions that 
are characteristic of the globidvns. 

Haemocyanin. 

The blue color which this blood has in common with that of 
numerous crustaceans, gastropods, cephalopods, and also the 
scorpion, according toLankester,has been explained by Fredericq,* 
in his paper on the Octopus, as a compound of copper and 
proteid, called by him haemocyanin, and similar in a general way 
to the compound of iron and proteid which we have in haemo- 
globin. 

The properties of haemocyanin are not so sharply defined as 
those of haemoglobin. It gives no absorption bands with the 
spectroscope, although it cuts off a large portion of the spectrum 
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at either end, especially at the bine end. No one has been able 
to get the haemocyanin in the form of crystals. Nnmorons 
attempts made by me to obtain the coloring matter in a crystal- 
line form wore unsuccessful. The method used was to add as 
much alcohol as the senim would stand without showing a pre- 
cipitate, and then to keep the solution at 0°0. for some days. 
No sign of a crystalline precipitate was ever obtained. 

The chief characteristic of haemocyanin is the loss of color it 
undergoes when oxygen is entirely excluded. Fredericq states 
that in the Octopus a difference of color can be seen between the 
blood flowing to and from the branchiae, and when the animal 
is asphyxiated the blood flowing from the branchiae becomes 
pale. This respiratory function of the haemocyanin is not so 
clearly marked in the Limulus ; blood taken directly from the 
heart is not at first blue, and when observed through the thin 
walls of the arteries springing from the heart, showed no tinge of 
blue. When exposed to the air, however, it rapidly becomes a 
deep blue, and if some of the blue serum is sealed in a glass 
tube it becomes entirely colorless after twenty-four hours. It is 
worthy of note, however, that when a stream of CO< is passed 
through the blue serum for quite a long time, the scrum suffers 
no perceptible change of color, differing in this respect from the 
haemocyanin of some of the Crustacea. The same observation 
was made by Gotch and Laws. * In CMinectes hastatua a stream 
of CO< quickly makes the blue color disappear,* and shaking 
with air readily brings it back. 

The respiratory valve of the haemocyanin in the blood of 
Limulus is not so evident as in the Octopus ; when once oxidized 
it appears to be reduced with some difficult, and normally the 
arterial blood is wanting in color. The respiratory function of 
.this compound in Limulus can only be given as an inference from 
its behavior in other invertebrate animals, though it can scarcely 
be doubted that it has an active respiratory function. The want 
of color in the arterial blood may possibly have been caused by 
the fact that the animal in all cases had been for some time out 
of the water, and was, perhaps, partially asphyxiated. 

!rhat the haemocyanin is a compound of copper with an 
albuminous substance, is easily proved. When ammonium 
sulphate is added to saturation to the blue serum, all of the 
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albamen is precipitated, leaving behind a colorless liquid 
which gives no. reaction for copper; whereas the precipitate, 
after being purified by reprecipitation and washing, gives a 
solution of a blue color similar to that of the original sernm, and 
this, when evaporated to dryness and incinerated, gives the 
reactions for copper. Whether the copper is combined with all 
of the albumens present, or some particular one, I am not able to 
say. It is certainly combined with the albumen coagulating at 
SO", and perhaps only with this. After heating the serum to 
75°C., and precipitating everything but this last albumen, the 
color of the sernm appears to have been but slightly, if at all, 
affected. It begins to disappear, however, with each successive 
partial precipitation of this last albumen. So that we can look 
upon this albumen as haemocyanin; it constitutes the largest 
part of the albumens of the serum, and, as stated above, gives 
reactions which place it among the group of globulins — a fact 
shown by Halliburton, and also by myself, to be true of the 
haemocyanin of decapod Crustacea. It differs in this respect 
from the haemocyanin of Octopus blood, if Fredericq’s observa- 
tions are correct, since in this animal saturation with sodium 
chloride, magnesium or sodium sulphate caused no precipitation. 

' Coagviation. 

The coagulation of the blood among invertebrates has gen- 
erally been explained as the result of the coalescence of the 
corpuscles. Fredericq,* Geddes,* Pouchet* and others, hold to this 
view, while Halliburton in his recent paper contends that in 
crustacean blood, at least, coagulation is caused by the action of 
a ferment derived from the blood corpuscles upon a fibrinogenous 
substance present in the plwma before coagulation, thus making 
the process identical with the coagulation of vertebrate blood, 
according to the most generally received theory. My investiga- 
tions upon the blood of Limulus have convinced me that in this 
animal coagulation is the result of the union of the corpuscles. 
As before stated, the blood when shed never set into a firm mass'; 
the coagnlnm that formed was sometimes in detached clumps or 
shreds, and sometimes in a more or less continuous mass that 
fireqnently settled to the bottom ; but in no case, when the blood 
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was collected in large quantities, did it jelly throughout the whole 
mass. 

If a bit of the coagulum that formed was taken out a few 
minutes. afterward and examined under the microscope, it was 
found to be composed of a mass of corpuscles, with perhaps no 
intermediate substance at all. Sometimes the corpuscles were 
irregularly packed together; sometimes, especially when a small * 
thread of fibrin was removed which had joined two laiger clumps, 
the corpuscles were all elongated to a spindle shape and packed 
closely side by side, with their nuclei still plainly visible. 

1 have frequently watched a drop of blood coagulate under the 
microscope. Almost immediately upon drawing the blood, and 
before one can well get a look at it through the microscope, the 
ovoid corpuscles become spherical and begin to send out numerous 
processes, which during the first few seconds, at least, appear to 
be slightly amoeboid. These processes unite with similar pro- 
cesses from other corpuscles, o; with the body of another corpuscle, 
so that within a few minutes clumps of corpuscles can be seen 
all over the field, bound together by these processes, which are 
comparatively bold and easily seen with the microscope without 
the aid of staining. By the shortening of the processes the 
corpuscles are drawn closer and closer together, until in many 
cases several fuse into a common mass in which the nuclei of the 
individual corpuscles can still be seen, and this mass is usually 
connected with other corpuscles by threadlike processes. Owing 
to the very small layer of liquid between the cover-slip and the 
slide, and the fact that the corpuscles adhere either to the slip or 
the slide, this process is not carried so far as it is when the blood 
is collected in large vessels. But the explanation of the phe- 
nomenon of coagulation is furnished by the study of these micro- 
scopic preparations. The series of events, I take it, is as follows: 
The corpuadUay after the hlood haa eaoaped from the veaaday 
aJmoat immediately aend ovi proceaaea which unite with other 
corpuadeoy or the proceaaea given off ly themy and theny by the 
ahortenmg of theae flamenUy the corpuadea are brought together 
into d more or leaa eompact maaa. 

Certainly there can be no doubt that these phenomena occur 
in the order stated, and the only question that remains is whether 
or not this constitutes the whole of the process of coagulation. 
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I am inclined to think that it does for the reasons given above': 
first, that the masses of fibrin formed during coagulation, when 
examined under the microscope, are seen to bo composed of 
aggregations of corpuscles, frequently packed closely side by side, 
with no intermediate fibrillar or gelatinous substance; second, 
that the coagulation of the blood when drawn in quantities does 
not consist in a firm gelatinization of the whole mass, as we 
should suppose would be the case if a fibrinogenous substance 
existed in solution in the plasma, and became converted into 
fibrin by the action of a ferment; third, the study of the 
coagulation of a drop of blood under the microscope shows that 
the corpuscles send out processes which bind the corpuscles 
together into masses, or form a meshwork of fibrils uniting cor- 
puscles or clumps of corpuscles to one another. Very beautiful 
preparations of the coagulation can be obtained by staining the 
* drop, after rinsing in water, with a solution of Eleinenberg’s 
haematoxylin, washing.and mountijig in glycerine. Plate XYIII, 
Figs. 1, 2, 3, 4, 6, gives examples of the results obtained. For an 
explanation of the figures, I refer to the description of the plate 
given at the end of the paper. 


ITte Fibrin Formed, in Coagutodion. 

The fibrin formed in coagulation, as stated above, is composed of 
masses of corpuscles, the individual corpuscles at first being easily 
distinguished. Clumps and strings of this corpuscular fibrin 
were taken out, thoroughly washed, and examined as to their 
chemical properties. It is well known that the term fibrin has 
at present no very definite significance, except as the name of 
the substance formed in coagulation. Specimens of fibrin from 
the same mammalian blood under slightly diffeient conditions 
may show quite different properties. The properties of what 
may be called typical fibrin are differently stated by the various 
writers. Hoppe-Seyler, in his Physioiogiache Chemie^ s. 417, 
states that fibrin is insoluble in solutions of the neutral salts, 
difScultly soluble in the dilute acids, although greatly swollen 
by them, and slowly dissolved by the caustic alkalies; while 
Gamgee, on the other hand, Phyaiologioal Chemiatry^ Vol. I, 
p. 86, asserts that freshly prepared fibrin is soluble in 6 per cent. 
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solotioDS of potassiam nitrate, and 10 per cent, aolotions of 
magnesinm sulphate or sodium chloride. 

The properties of Limulus fibrin ^agree very closely with those 
given by Hoppe-Seyler for typical mammalian fibrin. 

Treated with a 10 per cent, solution of magnesium sulphate 
for 24 hours, during 8 hours of which the temperature was kept 
between 35° and 40° 0., the fibrin was apparently not dissolved 
at all. When a portion of the solution was boiled it gave 
only a minute opalescence, which may have been caused by a 
small quantity of jdie serum that had not been washed out. 
This fibrin, therefore, is almost, if not entirely, insoluble 
in a 10 per cent, solution of MgS 04 . Solutions of sodium 
chloride, 10 per cent., gave exactly the same result. Solutions 
of caustic soda, 1 per cent., in the course of a few hours com* 
pletely dissolved the fibrin, with the exception of a small residue 
that was permanently insoluble, and consisted of disintegrated 
shreds. A portion of this solytion neutralized with 1 per. cent, 
acetic acid gave a laige precipitate, soluble with some difficulty 
in an excess of the 1 per cent, acetic acid, but quickly soluble in 
1 per cent, hydrochloric acid. 

Bits of the fibrin left for 24 hours in a solution of 1 per cent, 
hydrochloric acid, part of the time at a temperature of 85° to 
40° C., were much swollen and translucent, but scarcely, if at all, 
dissolved. A portion of the solution neutralized with caustic 
soda gave only a slight turbidity. In ita most'wn/pwiant 
pKypertiea of solubUity, then, the fibrin of lAmvIue dosdy re- 
sembles that of ordinary mammalian blood, odthough it is com- 
posed directly of corpuscles. The substance of the corpuscle 
doubtless undergoes a post-mortem change of some sort, thereby 
acquiring its insoluble nature, but there is no necessity for sup- 
posing tho action of a speciiio ferment in bringing about this 
change. 

II.— CALLINECTES HASTATDS. 

The blood of our common edible crab, CcdUnectes hastaim, 
was submitted to a series of experiments similar to those given 
for the blood of Limulus. The blood was usually obtained by 
cutting open the carapace and then puncturing the heart It 
coagulates very quickly, though somewhat more slowly than the 
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blood of Limnlus. In Boveral cases the blood was allowed to 
drop directly into a vessel surrounded by ice, but this did not 
prevent coagulation, althougji it perceptibly increased the time 
of coagulation. The action of neutral salts, especially magne- 
sium sulphate, was tried, but with very little success : the clotting 
took place in spito of the presence of a large quantity of satu- 
' rated magnesium-sulphate solution. Halliburton, however, has 
succeeded in preventing the coagulation by this means. He 
finds that it is necessary to add to the blood at least four times 
its quantity of magnesium-sulphate solution. The few experi- 
ments of this kind that 1 attempted gave me directly opposite 
results, though it is possible that the magnesium-sulphate solu- 
tion was not used in sufficiently large quantities. The clot 
from the crab’s blood is quite difierent from that of Limulus. 
The blood jellies throughout its whole mass, forming a firm 
* coagulum, so that the vessel containing it can be inverted 
without^ any danger of losing the blood. The clot when loosened 
from the sides of the vessel contracts, forcing out a clear, greenish- 
blue serum which has a very strong alkaline reaction. No second 
coagulation ever occurred in this serum. 

^ AUmmena of the Serum. 

1. Temperature of heat-coagulation. 

Portions of the serum made very feebly acid by the addition 
of 1 per cent, acetic acid were heated in the way described for 
Limnlus serum. The serum showed in all cases the presence of 
two albnmeqs. The coagulating temperature of one was below 
60° 0. If the serum was only neutral or very feebly alkaline, 
this albumen did not separate out, but gave only a very strong 
opalescence, the precipitate forming at about 65” 0. When the 
serum was distinctly but very feebly acid this albumen coagu- 
lated, at 55° 0., giving a fiocculent precipitate, sometimes quite 
large, sometimes very small. Compared with the second- albu- 
men, this albumen exists in very small quantities, and varies 
apparently in different individuals. After filtering off this first 
precipitate, the serum, when again heated, gave a second coagu- 
lation at 68° 0. It is. very troublesome to precipitate this 
second albumen. Like the albume^ of the Limulna serum ooagu- 
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lating at 80° 0., it requires twenty or more separate heatings 
before it is entirely removed. In one case the sernm was kept 
at 68°-78° for half an honr at each precipitation, bnt it was still 
found necessary to repeat the process some fifteen or twenty 
times. Towards the end each precipitate was quite small, and 
formed within five minutes after the serum had reached the 
proper temperature, and keeping it at this temperature for 
twenty-five or thirty minutes longer did not appear to inci-ease 
it ; whereas, if the precipitate was filtered off, and the serum 
again heated to 70° 0., a new precipitate rapidly formed. Pro- 
vided the sernm was kept neutral, no increase in the temperature 
necessary for coagulation took place, the necessary temperature 
varying from 68° 0. to 70° C. This latter albumen is the one 
that colors the scrum blue, the color gradually disappearing as 
it is more and more completely precipitated. It may therefore 
be spoken of as haomocyanin. 

Krukenberg^ has observed the presence of two albumens in the 
blood of several Crustacea: Eriphia apinifrona, Homarm vttlgoh 
ria, Aatacua flwoiatilia and Maja aqumado. He gives the temper- 
ature of coagulation at 64°-65° 0. and 69°-71° 0. It is probable 
that the higher temperatures he found necessary for coagulation 
were caused by the serum not being completely neutralized. 
Halliburton fo\md, on the contrary, that the serum of Homarua 
vvlgaria, Carcinua maenaa, Aatacua fluviatUia and M^hropa 
normgioua, only contains one albumen, haemocyanin, coagu- 
lating at 68° 0. There can certainly be no doubt that in the 
Callinectes two albumens are present, one coagulating at 65° C., 
the other at 68° C. 

Action of Neutral Salta on the Serum. 

Both albumens are completely precipitated from the serum by 
saturation with ammonium sulphate or magnesium sulphate. 
In order to get a complete precipitation by the latter salt, it was 
necessary tb remove the precipitate at first formed. The serum 
was thoroughly saturated with magnesium sulphate, a large 
excess of the powdered salt being added, and allowed to stand 
for twenty-four hours. When filtered from the heavy precipitate 
that had formed, the sernm came through perfectly clear and 
slightly blue, but after standmg a few minutes it became turbid, 
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and deposited a new precipitate; more magnesium sulphate was 
added, and the liquid allowed to stand for another twenty-four 
hours, and this was repeated a third time before all of the 
albumen was completely removed. Magnesium sulphate, there- 
fore, added to saturation precipitates at once a large portion of the 
albumens, but for the entire removal of the albumens it require a 
long time, and acts best when the precipitate is filtered off from 
time to time. 

Serum saturated with sodium chloride gives only a small pre- 
cipitate. This, after being washed, was dissolved in a 2 per cent, 
sodinm-chloride solution, neutralized and heated. The solution 
became opalescent at 60° 0., but did not give a precipitate until 
70° 0. 


The ordinary strongly alkaline serum of the crab gave no precipi- 
tate when diluted ten times with water, but if first neutralized and 
then diluted, it gave a marked precipitate. If the alkaline serum 
is diluted, and CO« gas passed through it, a precipitate is also 
formed. When-COs is passed through the undiluted serum the 
blue color quickly disappears, and reappears promptly if the 
serum is shaken up with air, differing in this respect from the 
blood of Limulus. v Specimens of the blue serum sealed in glass 
tubes lose their color within three or four hours, while the blood 
of Limulus, under the same conditions, retains its color for a much 
longer period. The haemocyanin of Limulus, therefore, is not 
identical with that of the crab; it has a higher temperature of 
heat-coagnlatipn, 80° G., as compared with 68° C. for the crab, 
and it forms with oxygen a compound that is much more stable. 
The haemocyanin of the crab appears to be a decidedly more 
efficient respiratory medium than the haemocyanin of the Limulus, 
as.one might expect from the more active life led by the crab. 

Krukenberg* states that, in the Crustacea investigated by him> 
no precipitation of albumen was caused by the addition of dis- 
tilled water, by the passage of CO„ or by saturating the serum 
with the NaCl or MgSO^. 

The experiments of Halliburton and myself show that this 
statement is not applicable to all tlie Crustacea. The albumens 
of Callinectes, in accordance with the reactions given above, must 
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be classed among the globnlins. There seems to have been some 
error in Krnkenberg’s observations, inasmuch as Halliburton, 
working on the same species, obtained a complete precipitation 
of the albumens by MgSO, while Krukenberg got no precipitate 
at all. In Oallinectes MgS 04 precipitates a laige portion of the 
albumens even before the serum is completely saturated, although 
the complete removal of the albumens by this means is somewhat 
difficult. 


Coagvlation of the Blood. 

The coagulation of the blood in the crab is not so simple a 
process as in Limulns. If a portion of the clot freshly formed is 
examined under the microscope, it is found to be composed of 
numerous corpuscles imbedded in a gelatinous mass, and these 
. corpuscles are apparently not connected with each other by 
processes. If a drop of fresh blood is received upon a slide, and 
examined under the microscope, two kinds of corpuscles can be 
distinguished — one with large and conspicuous granules, and 
the other usually smaller, almost hyaline, with small and incon- 
spicuous granules (Plate XVIII, Fig. 6). In a very short time 
these corpuscles lose their spherical or ovoid form, and begin to 
send out processes which, at first slightly amoeboid, soon unite 
with other processes or the body of a cell. Both kinds of 
corpuscles undergo these changes. Many of the corpuscles 
become fiattened and form around themselves an envelope of 
perfectly hyaline substance. This is very noticeable 4n the 
coarsely granular corpuscles, in some of which the large granules 
entirely disappear during the process, apparently becoming 
absorbed. The union of the corpuscles into masses connected 
with one another by intermediate filaments, so conspicuous in 
the coagulation of Limulns blood, is much less marked here. 
Specimens of the crab’s blood allowed to clot in thicker layers 
s^w almost no indication of these cell processes, but if stained 
with haematoxylin, extremely long and delicate processes can 
very often, be traced from one cell to neighboring cells. 
Examples of this are shown in Figs. 7 and 8. 

The intermediate substance also is apparently made up of a 
finely fibrillar material, and this, taken together with the pro- 
cesses united to the cells, an<^ which can be seen forming when 
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a drop of the blood Ib allowed to clot under the microscope, 
convinced me that in the crab the process of coagulation is 
similar to that in the Limulns, with the exception that in the 
crab the processes sent out by the cells are longer and more 
delicate, and form a finer meshwork of fibrils, to which the 
firmer clot of the crab’s blood is due. Halliburton, however, 
states that he has succeeded in preventing the clotting of the 
blood in the Crustacea with which he worked by the use of a 
solution of saturated magnesium sulphate, and that after filtering 
off the corpuscles the remaining plasma clotted when sufficiently 
diluted and mixed with ferment. If the observations of Halli- 
burton are corroborated, they will demonstrate, of course, the 
presence of a precursor of fibrin held in solution in the plasma. 

The fibrin of crab’s blood has quite different properties from 
that of Limulns. Caustic soda, one per cent., readily dissolves 
it. In hydrochloric acid, one per cent., the fibrin swells up, but 
is very slightly dissolved. In solutions of sodium chloride from 
two to ten .per cent, the fibrin dissolves to a large extent, and 
the solution when heated gives a precipitate at 70°-71®C. The 
much greater solubility of the crab’s fibrin in neutral solution of 
salts, compared with the fibrin of Limulns, is very marked. 

A compaiison of the blood of the crab and Limulus shows that 
they differ chiefiy^in the number of albumens contained and the 
properties of the fibrin formed in coagulation, and perhaps in 
the method of coagulation. The difference seems to me to be 
too wide to permit us to suppose any close relationship between 
the two forms, especially as they have the same general environ- 
ments; but until a similar series of observations is made on the 
scorpion or some arachnid, we will not have sufficient evidence 
to make any just inferences with regard to the relationship of 
&ese forms — that is, from the standpoint here assumed. 

III.— THE BLOOD OF A SPECIES OF HOLOTHURIAN. 

This holothurian is very abundant at Beaufort, 17. C., and its 
blood was investigated because it was found to contaiu large red 
corpuscles with haemoglobin in them. A description of the 
properties of this haemoglobin is given in an additional com- 
munication. 
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The liquid of the perivieceral cavity and water-vasonlar system 
of this holothnrian cofltains two kinds of corpuscles. One cor- 
puscle is oval, bi-convez, with a conspicuous nucleus, and of a 
pale straw-yellow color, from the haemoglobin which it contains. 
Besides the nucleus one can often see in theie corpuscles one or 
perhaps two little masses, usually of a redder tinge than the rest 
of the corpuscle ; they seem to be granules of baem(^lobin. In 
addition to these red corpuscles there are a number of smaller, 
spherical, white corpuscles, which are granular, nucleated, and 
when examined under the microscope show quite active amoeboid 
movements. Besides these two forms of corpuscles the liquid 
usually contains a few quite small, oval, colorless bodies, appar* 
entiy not nucleated, and now and then one sees a mulberry-like 
mass composed of small bodies of a rod color. The meaning of 
these forms I do not know. Drawings of these different cor- 
puscles are given in Fig. 9. 

When the perivisceral or water-vascular liquid is received into 
a watch-glass and allowed to stand for a few minutes, all of the 
corpuscles sink to the bottom, forming a membranous-like sedi- 
ment that has the appearance of an incipient coagulation. The 
supernatant liquid contains no albumens at all in solution. The 
only albumens present are those contained in the formed elements. 
The haemoglobin is easily dissolved out by the addition of water, 
but the substance of the white corpuscles exists in too small a 
quantity for investigation. 

A drop of the liquid from one of the ampullae when watched 
under the microscope, showed that the incipient coagulation 
spoken of above is caused by the fusion of the white corpuscles. 
These corpuscles send out thick processes or pseudopodia which 
may be withdrawn, but which finally fuse with processes from 
* other corpuscles or with the corpuscles themselves, forming what 
Geddes calls a plasmodium. Examples of this are given in Fig. 
10. When the sediment that settles to the bottom of the 
watch-glass is examined, masses of fused white ct'rpuscles are 
frequently found, surrounded by red corpuscles (Fig. 11). The 
red corpuscles exhibit no tendency to fuse, but may become 
entrapped in the masses of fused white corpuscles. 

While in the crab's blood the union of the corpuscles is effected 
by processes much more delicate than in the Limulns, we have 
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in the blood of this holothnrian apparently the most primitive 
method of fusion, by direct union of the cells or of thick processes 
given off by the cells. 

In a preliminary communication of this work in the Johns 
Hopkins University Circular, October, 1885, the name of this 
holothnrian was given as Cumrimria It has since been 
identified by Prof. Eathbnn, of the Smithsonian, as ThyonMa 
gemmata, {Pourtfdles) Verrill. 
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DESCBIPTION OF FIGURES, PLATE XVIII. 

Fiqube 1. — Corpuscles of blood of Limulus Polyphemus preserved 
by very dilute solutions of mercuric chloride. Camera-lucida drawing. 

FiouBE 2. — Shdwing the change of form of the corpuscle that takes 
place as soon as the blood is shed, a, the normal shape of the cor- 
puscle; 5 and c, successive changes of a taking place within a few 
seconds. Camera-lucida drawing. 

Fioube 3. — ^From a filament of fibrin formed in the coagulation of 
limulus blood. Quite frequently cords or shreds of fibrin, with the 
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oorpuBcles elongated in this way and packed closely side by side, 
could be taken from a vessel in which the blood had clotted. 

, Fioubb 4. — ^From a drop of Limulns blood allowed to clot on a 
slide and afterwards stained with haematozylin. The whole of the 
preparation consists of similar groups of corpuscles united by pro* 
cesses. Camera-lucida drawing. 

FiouBh 5. — A. free-hand drawing of a clump of Limnlus cor- 
puscles the formation of which had been watched under the micro- 
scope; not stained. 

Fioube 6. — Corpuscles of CalUnectes hastatus. a, the larger, 
coarsely granular corpuscle; b, the smaller, more hyaline corpuscle; 
c, two of the larger corpuscles, showing how the corpuscle becomes 
flattened, sends out processes and forms around itself a hyaline 
envelope, while the large granules disappear. 

Figubes 7 and 8. — Drawings of isolated corpuscles of crab’s blood 
from a drop allowed to clot on a slide in a thin layer, and afterwards 
stained with haematozylin. Showing the very long and delicate 
processes which in favorable spots can be seen to radiate from the 
corpuscles and unite with other corpuscles. The body of the cor- 
puscles and part of the processes were drawn with a camera lucida; 
the whole eztent of the processes, however, could not be drawn in 
this way. 

Figube 9. — Corpuscles from the blood of the holothurian. a, the 
red corpuscles containing haemoglobin — in some of them, besides 
the nucleus, little masses, apparently clumps of haemoglobin, are 
seen; b, the white corpuscles of the blood; c, a mulberry-like mass 
of small, pale-red bodies whose signiflcance is not known ; d, two of 
the pale, non-nncleated, lenticular bodies frequently seen in the 
blood. Camera-lucida drawing. 

Figube 10.— The fusion of the white corpuscles of the holothurian 
blood when allowed to clot on the slide. From a haematozylin 
staining. Camera-lucida drawing. 

Figube 11. — Mass of fused white corpuscles of holothurian blood 
when allowed to undergo its imperfect coagulation in thicker layers 
of the blood. Around the periphery of the mass are a number of 
red corpuscles. From a camera-lucida drawing. 




NOTE ON THE PRESENCE OF HAEMOGLOBIN 
IN THE ECHINODERMS. By W. H. HOWELL, Ph. D. 

Haemoglobin has been found in a large number of inverte- 
brates, comprising representatives of the insecta, Crustacea, mol- 
lusca, annelids (in which it is quite common), gephyrea, nemer- 
tina and himdinea. It occurs usually in solution in the plasma 
of the blood, though in some few cases it is contained in the cor- 
puscles. No satisfactory example of its presence among the 
echinoderms has been discovered. Foettinger, Archi/oes de 
Biologie, Vol. I, 1880, p. 406, described, in one of the ophiu- 
rians, Ojahiactea virem, certain red corpuscles contained in the 
water-vascular system which, upon examination with the micro- 
spectroscope, gave two absorption bands similar to those of oxy- 
haemoglobin ; from this he concluded that the coloring matter 
of these corpuscles is haemoglobin. But other pigments — tnracin, 
for instance — are known to give very similar, if not identical, 
bands, so that this single observation, as Krukenberg remarks, 
cannot be considered as demonstrating the presence of haemo- 
globin. 

During the summer’s work at the Marine Laboratory, the 
writer’s attention was directed by Mr. H. F. Nachtrieb to a 
holothurian Thyondla gemmata, whose perivisceral liquid is in 
some cases of a bright red color. Examination of this liquid, and 
of the contents of the water-vascular system, showed that the 
coloring matter has most of the properties of haemoglobin, 
though certain differences in its chemical reactions have led me 
to believe that it is not identical with the haemoglobin of ver- 
tebrate blood. 

The water-vascular system and the body-cavity contain, 
besides colorless amoeboid corpuscles, a large number of oval, 
nucleated, bi-convex blood discs of a pale red color. When a 
specimen of the water-vascular liquid is caught in a watch 
crystal, these corpuscles soon settle to the bottom, forming a 
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membranoQB-like Bediment. If the supernatant liquid is decanted, 
and the sediment treated with water and then filtered, a beautiftil 
blood-red solution is obtained. This solution, when examined 
with the spectroscope, gives the two oxj-haemoglobin bands ; 
the wave length of the middle of each band was determined, and 
was found to be identical with that of the corresponding band of 
a solution of oxy-baemoglobin of human blood of the same 
strength. Addition of Stokes’s reducing solution causes the two 
bands to disappear, and brings out the single band of reduced 
haemoglobin. By shaking the solution with air, the two oxy- 
haemoglobiu bands can again be obtained. The corpuscles, when 
treated with glacial acetic acid and salt, give well-marked haemin . 
crystals, though these ciystals do not form so readily as in 
vertebrate blood. When incinerated and tested with ferrocyanide 
of potassium, they give the reaction for iron. 

These properties are quite sufficient to show that this coloring 
matter is a compound similar to ordinary haemoglobin, and 
justify its right to the title «of haemoglobin. In two respects, 
however, it differs from the haemoglobin of vertebrate blood. An 
aqueous solution, when heated, copulates at 58®-60°O., giving 
a heavy brown precipitate, the filtrate from which is perfectly 
free from albumen. Haemoglobin solution firom vertebrate blood, 
on the other band, coagulates between TO^-SO^O. A solution of 
this haemoglobin is also precipitated by the addition of dilute 
(1 per cent.) acetic acid, which is not true of vertebrate haemo- 
globin. Addition of alcohol or of ether quickly precipitates 
and decomposes the haemoglobin. 

It appears, then, that we have here a compound similar in 
structure and in some of its most essential properties to the 
haemoglobin of vertebrate blood, but differing from it slightly in 
the albuminous portion of the molecule. It seems quite possible 
that similar differences may be found when the haemoglobin of 
other invertebrates is more carefully examined. All efforts to 
obtain haemoglobin crystals were unsuccessful. 

The respiratory value of this pigment cannot be doubted. It 
functions not only through the ambulacral feet scattered over 
the surface of the body, but also through the respiratory tree, 
the ramifications of which are bathed in the perivisceral liquid. 
The rej^irations of the animal when undisturbed are very 
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regular, consisting nsnally of three inspirations followed by a 
single prolonged expiration, the whole respiratory act being 
repeated from three to four times a minnte. Efforts to increase 
the respiratory rhythm by heating the sea-water surrounding the 
animal were not successful. 

In a preliminary communication of these observations in the 
Johns HopTdns Uni/oersity Circular^ October, 1885, the name of 
this holothurian was given as Cuoumaria ap. It has since been 
identified by Prof. Bathbun, of the Smithsonian, as Thyondla 
gemmata, {Pourtales) Verrill. 




ON THE SOCALLED **NEW ELEMENT ** OF THE 
BLOOD AND ITS RELATION TO COAGULA- 
TION. By GEO. T. KEMP, A. B., Fellow in Biology, Johns 
Hopkins University. With Plate XIX. 

Whenever a figure appears in heavy type, the number refers to the corre- 
sponding number in the Bibliography under the name of the author. 

In 1878 Hayem called attention to an element of the blood, 
whose existence and significance seem to have been almost 
wholly unrecognized. Hayem called these elements Atemato&ZdMfs,. 
and endeavored to show that they were early stages in the devel- 
opment of the red corpuscles. He also pointed out that they 
probably are connected in some way with the coagulation of 
blood ; but as the theory of their hsematoblastic function did 
not meet with general acceptance, the whole work seems to have 
been passed over with less attention than it merited. 

Much greater prominence was given to the subject, when, in 
1881, Bizzozero claimed independent discovery of the same 
elements, and emphasized particularly their connection with 
coagulation. He attacked the theory then in vogue as to the 
relation of the leucocytes to coagulation, and called forth many 
severe criticisms, which in turn were answered ; thus the ques- 
tion was brought prominently to the attention of histologists. 
The result was several important investigations ; but the irrecon- 
cilable results obtained by different observers, rendered it 
desirable that the whole matter should be made the object of 
further research. I was therefore led to take up the study of 
this question, and the results of my work thus far, form the 
material for this paper. 

Before going into a discussion of the subject, which will 
involve the results of other observers, I will give a brief descrip- 
tion of the new element ” as observed- by myself, in order that 
what is to follow may be better understood. 

In describing it I shall adopt the French name plaque^ as 
it is short, more or less appropriate, and not liable to be confused 
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with any other name which may be need in connection with this 
subject. 

If a drop of osmic 'acid be placed on the finger, and the finger 
pricked with a needle through the drop, the elements of the 
blood will all be hardened and preserved in their natural appear* 
ance immediately upon leaving the vessel. 

If now a thin film of the blood mixed with osmic acid be ex- 
amined under the microscope with a good lens magnifying about 
600 to 800 diameters, the plaques may be seen fioating in the 
plasma among the red corpuscles and leucocytes. 

They are very pale and homogeneous structures, varying 
greatly in size, but mostly about one-third or one-fourth the 
diameter of the red corpuscles. When seen in surface view, they 
may appear either circular or elliptical, and seem at first sight to 
be fiat, but a more careful observation with a fine objective, will 
reveal the fact that they are biconcave, although not as much so 
as the red corpuscles. (See Plate, Fig. 1, and photograph.) Tliis 
is more plainly marked when we examine them seen on edge, 
in which case they show the characteristic dumb-bell shape pre- 
sented by biconcave bodies when viewed in this position. 

The form of the plaques, when hardened by the above method, 
never undergoes change. This is not the case, however, in blood 
drawn and allowed to clot. To study the plaques under these 
ciroumstances, . the following method may be adopted: The 
finger is pricked and a good-sized drop of blood squeezed 
out. This is taken immediately upon a cover-slip, and then as 
quickly as possible most of it is washed off Ijy a jet of .75 per 
cent. KaCl solution from a wash-bottle. The cover-sljp is now 
placed on a slide, and transferred to the microscope stage with as 
little loss of time as possible. The plaques have the property of 
sticking to the slip, while the other elements are easily washed 
away by the jet, so that upon examination the whole field will 
be seen to be filled with plaques, some of them isolated, but 
most of them grouped in matees consisting of from two or three 
to a dozen or more. (Plate, Figs. 2 and 3, and photograph.) 

They are now not pale and homogeneous, with a symmetrical 
outline, but appear glistening and granular, fuid their contour, 
instead of being r^ularly oval or circular, bias become jagged. 
These changes are the more marked the longer the time which has 
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elapsed before the preparation is observed ; and they may be seen 
to take place step by step while a preparation is being watched. 
The form of the plaques continues to undergo change, until 
finally, where they are grouped together, only a granular mass 
is found, in which the individual plaques can no longer be clearly 
distinguished. (Plate, Figs. 4 and 5.) Fari jxmu with these 
changes, processes are seen which mn out from the granular 
masses ; and when coagulation sets in, these processes are nearly 
always found to bo continuous with threads of fibrin. (Plate, 
Figs. 5 and 6.) 

The threads of fibrin are sometimes deposited as long needle- 
shaped crystalloids which are often seen lying free in the field, 
and not in connection with the granular masses ; but the greater 
number are formed most thickly around these masses, from which 
they often radiate as centres. (Plate, Figs. 5, 6 and 7.) 

If too much of the blood has been washed away by tlie jet of 
salt solution, no formation of fibrin will take place; if there is 
any part of the field where the blood still remains thick, the best 
observations can be made on the edges of this area. 

The preceding description, 1 think, is given in sufficient detail 
to indicate what 1 mean by the term jplaqiies. 

§ 1 - 

JBi$ioricaZ. 

Among the earlier observers, Muller, Mandl, Henle, Wharton 
Jones and others, have described various colorless elements 
existing in the blood ; and it is not unlikely that they saw the 
plaques, more or less modified; but their descriptions are not 
sufficiently minute to enable us to make a positive decision. 

Gerber* has described in the blood of mammals, bodies which 
he calls free nuclei, having a diameter of line (==4.1 /i). 
Arnold’ and Andral have also been recognized as possible dis- 
coverers of the plaques. 

' Gerber. Allgemeine Anatomie. Quoted Zimmerman, 3, 326. 

> Arnold (Anatomie, Band I, p. 181} has been referred to b/ Zimmerman (2, 
226) and Hajem (8, 581) as having probabljr seen the plaques. Hayem gives 
Arnold's measurement as foot (which I take to be a misprint) and Zim- 
merman gives it as rin (= about 16.7 /<), which is entirely too large for 
a plaque. Zimmerman thinks that the structures described by Andral (Essai 
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Simon/ in studying blood drawn into a solution of potassium 
ferrocyanide, found small bodies which he took to be molecules 
of fibrin, but which were probably plaques, and other elements 
deformed by the reagents that he used. 

Donn6‘ (1842) described and figured the plaques so as to leave 
no doubt as to their identity. He calls them glohulina^ and says 
they belong properly to the chyle, from which they are supplied 
to the blood. He describes them as small white particles, or 
little rounded grains, isolated or irregularly agglomerated, with 
a diameter of not more than millimeter (=3.3 /i), and 
says they are important as being the “ premiers 4l6ments dcs 
globules sanguins.’’ He also noticed the tendency of the 
plaques to adhere to each other. 

The globulins of Donn6 are not the same as the globulins of 
Mi Ine-Ed wards, nor of Robin; the former using the word to 
denote small, fatty particles found in the blood especially after a 
meal, and the latter using the word with reference to the small- 
est variety of leucocytes." • 

To Zimmerman (1846) belongs the credit of first having studied 
the plaques with the aid of micro-chemical reagents. He (2^ 227) 
repeated the experiments of Simon by drawing blood into a solu- 
tion of potassium ferrocyanide, which prevents clotting, and then 
examining with the ^microscope. He found small bodies, occur- 
ring “ by the billion,” which he describes as quite colorless and 
more or loss strongly refractive ; they have not a well-defined 
contour, and when out of focus appear as dark points. They 
vary in size from to of a line (= about 2 to 6.2 //). 
He does not agree with Simon that they are molecules of fibrin, 
and calls them “ Elementarkorperchen,” because they cannot be 

d’hematologie pathologique, p. 82), as molecules of fibrin are the same as those 
mentioned by Arnold, while Hayem (8, 582) thinks that Andral’s molecules of 
fibrin are likely plaques, because of their small size. I was not able to refer to 
the papers of Arnold and Andral, so, that 1 cannot reconcile the statements of 
Zimmerman and Hayem. Possibly the measurements referred to granular 
masses, which Arnold may have explained, without the explanation being quoted 
by Zimmerman or Hayem. 

> Simon. Anthropochemie. 

^ Donne. Comptes Rendus de I’Acad^mie des Sciences, 1842 (Vol. 14, pp. 
860-868), and Cours de Microscopic, etc., 1844, p. 85 ; and Atlas, Plate 6, 
Pig. 21. 

> See Hayem, 8, 588. 
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broken down into any other smaller-formed element, and becauBe, 
as he claimB, they have power to grow by intussnsception and 
form new cells. As to their origin, he suppoBCB that they, like 
the white corpuscles,* belong properly to the lymph, from which 
they are supplied to the blood. 

It is more than probable that under the name of elementaiy 
corpuscles, Zimmerman has included not only the plaques, but 
also other bodies, especially certain grannies often found in the 
blood, which are partly normal and partly the result of some 
methods of preparation. He speaks of elementary corpuscles as 
occurring in the blood of a frog ; and describes in addition the 
nucleated plaque (found by later observers in the blood of all 
ovipara) as an intermediate stage in the formation of red cor- 
puscles from the elementary corpuscles. He also claims to have 
seen the elementaiy corpuscles in defibrinated blood. 

These inaccuracies have led some histologists to question 
whether Zimmerman really found anything but detritus, resulting 
from his methods tif preparation ; but his description of the 
behavior of the elementary corpuscles with certain reagents — 
e. water, caustic potash, salt solutions, etc. — corresponds so 
nearly with the reactions of the plaques under similar conditions, 
that we can hardly doubt that he had plaques under observation. 

Beale (1864), ( 1 , 42) describes as existing in the blood, 
** numerous corpuscles differing very much from the ordinary 
red corpuscles in size, color, and refractive power. They are 
much smaller than the latter ; they exhibit a granular appear- 
ance and are colorless. They might be described as small white 
corpuscles, but many are much smoother than the colorless 
corpuscles. It is not easy to see these corpuscles unless the 
blood is examined by powers magnifying upwards of 1000 
diameters. Such corpuscles are exceedingly faint, and can only 

be distinguished if great care be employed The email, 

femvQ/y gramdar eorpmdee a/re colored hy ca/rmine^ while the 
ordinary red corpuscles .... are not.” 

At first, from the above description, it seems as if Beale had 
reference to the plaques; but the fact that the structures he 
describes stain with carmine excludes this supposition. 

Beale (2,48) also describes other structures which occur *^only 


' The italios are mine. 
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in the Mood of man and the higher animcda^' and which are of 
the same refractive power as the white corpuscles. These 
particles he thinks may develop into white or red corpuscles. 
He further mentions (2; 60) small bodies,* which he believes to 
be a kind of white corpuscle, which stick to the slide, while the 
red corpuscles are drawn hither and thither by the current; 
These descriptions may well apply to the plaques. 

The “granular masses ” described by Max Schultze (1866), 
which have been more or less well known to histologists ever 
since, are undoubtedly plaques, as may be seen from his descrip- 
tion. Ho says (1, 36 and 37), “ I find more or less plentifiil 
in my blood and the blood of many others, . . . clumps of color- 
less balls varying in size accordingly as they are made up of few 
or many individuals. The latter measure .001 — .002 mm., and 
occur also singly in the blood, but more frequently they are 
found sticking together to form an irregular, finely granular mass. 
The balls aro quite colorless, homogeneous or finely granular and 
pale, .... and hence, as also on account of their small size, they 
can only bo made out with a good lens. 

“They are, however, not always regularly ball-shaped: they 
are often angular and drawn out, and then they present a sharper 

contour and a clearly granular appearance It looks as 

though they may have come from the leucocytes, but of this wc 
must remain uncertain as long as we are in the dark as to the 
fate of the latter.” 

He also obtained the characteristic reactions of plaques with 
water, acetic acid and other reagents. 

Eiess (1872), ( 1 , 240) examined blood drawn by venesection, 
with as little loss of time as possible, and found “ Stabchen und 
belle Kiigelchen von ahnlichem Glanze mit den farblosen Eor- 
perchen.” 

The “Kiigelchen ” are mostly round, but sometimes angular. 
They are usually about -jJj- the diameter of red corpuscles (.7-1.6 fi), 
but they vary from very minute bodies to half the size of the red 
corpuscle. This last statement makes it somewhat doubtful 
whether Biess has made the necessary distinction between the 
plaques and the smaller varieties of granules found in the blood. 
He also claims to have found all stages between leucocytes and 
granular masses of plaques. 
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In 1873 Banvier laid a commnnication (2 and 3 1) before the 
8oci4t6 de Biologic, on the ‘‘Formation of Fibrin in Blood 
Bemoved from the Yeesele.” He describes the threads of fibrin as 
radiating from grannies, or groups of grannies, which he thinks 
are chemically identical with fibrin. From references made to 
these grannies in later publications we know that he had refer- 
ence to the plaques, which he has also seen free ( 1 , 215). 

In connection with Banvier’s commnnication, Ynlpian (1, 94) 
gave the results of some observations which he made on blood. 
He examined the blood of many persons, and fonnd that there 
were always present small corpuscles, either singly or in groups, 
which quickly adhered to the slide, and were not carried about 
by currents, like the other elements. When coagulation takes 
place, the threads of fibrin are often seen to radiate from prolon- 
gation of these corpuscles, or from the edge of groups into which 
they have become collected. He identifies these corpuscles with 
those described by Biess, and takes occasion to combat the state- 
ment of Biess that they are the result of pathological conditions, 
maintaining that he has found them in the blood of healthy 
persons as well as in the blood of the sick. 

Bearing also on the relation of the plaques to the fibrinous 
network are the observations of Nedsvetzski ( 1 , 147-150), 
made independently of the work of Banvier and Ynlpian, and 
published about the same time. He describes small, homoge- 
neous bodies about the size of the granules of the leucocytes, 
which he regards as normal constituents of the blood, and gives 
them the name of “ Blutkornchen ” or “ Hsemococci.” 

After fibrin has been formed, these small bodies are found like 
knots in the meshes of the network. He also^ says that these 
bodies possess the power of movement. 

The Proceedings of the Boyal Society of London for 1874 
contain “ An Account of Certain Organisms Occurring in the 
liquor Sanguinis,” by Osier, in which he describes certain inter- 
mting changes which take place in the granular masses when 
heated in serum to 37‘’0. In the same communication Osier 
secures for himself the credit of having first discovered the 
plaques in the bloodvessels. His observations were made on 
connective tissue from the back of young rats, in the vessels of 
which the plaques were seen scattered freely in the blood among 
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its other elements. The figures which accompany Osier’s article 
are very good. 

From this time until the publication of Hayem’s work, the 
only literature bearing on the subject are the papers by Schmidt 
(2 and 3), Semner (1) and Boettscher (1). Schmidt and Sem< 
ner examined “the granular masses of Max Schultze,” and 
described them as being derived from a peculiar corpuscle not at 
all like the plaques. 

Boettscher (1, 298 and plate), who believes the red corpuscles 
to be nucleated, has figured structures found by him among the 
red corpuscles, which he regards as nuclei set free from the latter ; 
but which, judging from his figures, are probably plaques. 

To show what a confusion of ideas prevailed in regard to this 
subject before Eayem’s work came out, I cannot do better than 
follow Hayem in quoting from Bobin {legom sur lea kumeurs 
normala et pathologiquea, 1874). After reviewing the work of 
Biess and Yulpian, he says: “11 est de fait qu’avec nn peu 
d’attention on trouve de ces globules sur presque tons les sujets, 
bien qu’en trfts petit nombre. On en voit m6me circuler de loin 
en loin entre les h6maties et les leucocytes, sur les batraciens et 
les poissons vivants. Oes corpuscules se tronvent soft Isolds, soft 
r6unis en petits groupes. Ils sont larges de 0.002 ft 0.006, e’est- 
itrdire que certains atteignent presque le volume des h^maties et 
mdme des leucocytes. Ils sont incolor€s, hyalins, homog^nes ou 
& peine grenns. Farmi ceux-ci il en est qni se d^forme lente- 
ment comme les leucocytes. Four ces derniers I’action de I’eau 
et de I’acid ac4tique sous un fort grossissement montre ais6ment 
qu’il ne s’agit lit que des leucocytes encore petite et en voie 
d’evolution, qu’ij s’agit en d’autres termes de ceux des leucocytes 
que M. Donn6 (1844) a d^crits sous le nom de gle^nJma, larges 
de 0.003.” 

With Hayem’s work (1878) begins a new era in the history of 
the plaques, for, by the careful and thorough investigation to 
which he subjected them, he was not only able to remove all 
doubts as to their existence and identity, but he also traced their 
close connection with the process of coagulation, and has ad* 
vanoed some very suggestive speculations regarding their affini- 
ties to the red corpuscles. 

Bizzozero (1881 and 1882) so confirmed and extended the 
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observations of Hayem bj new and ingenious methods, that all 
the work done later, has been carried on with a more definite 
understanding of the subject, and the results of the observations 
may be considered as confirming or conflicting with those of 
Hayem or Bizzozero. 

J^fore concluding the historical chapter of this article, the 
claim of ITorris to the discovery of the plaques should be con- 
sidered. 

Norris bases his claim on a communication read before the 
Birmingham Philosophical Society, in 1879, in which he says 
( 2 , 163) : There exist in the blood of mammalia .... color- 
less, transparent, biconcave discs of the same size ’ as the red ones. 
Between these two kinds of biconcave discs others are demon- 
strable having every intermediate grade of color.' . . . They 
often present themselves as small spheres, at other times as discs, 
and at others, liquid-like, they take tho shape of the interstices 
in which they lie.” 

In a later article ( 3 , 562), Norris speaks of Hayem’s haematoi 
blasts as fragments of one form of his corpuscles. 

From a comparison of these descriptions with those given at 
the beginning of this paper, I think it will appear evident that 
what Norris saw was not the plaques, but red corpuscles which 
had lost their haemoglobin. 


§ 2 . 

Histology of the Plaqms in the Blood of Mammods., with Methods 

of PrejparaUon. 

The plaques have been found under different circumstances by. 
so many observers (see historical section), that it is now needless 
to enter into a discussion as to their presence in the blood— at 
least after it has been removed from the bloodvessels. 

The method of preparation may be varied to advantage accords 
ing to the point which we wish especially to make out. The 
following may be recommended as giving very, satisfactory 
results : — 

A drop of the preservative fluid is placed on the finger, and 
the finger pricked through the drop, so that the blood may come 

■ The italics are mine. 
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in contact with the reagent immediately npon leaving the vessel. 
The drop of blood thus mixed with the reagent is next taken on 
a cover-slip, and the latter laid on a slide and examined. To 
prevent evaporation, melted paraffin may be painted around the 
edges of the slip. 

The part of the finger from which the blood is to be drawn 
should be washed with water, alcohol and ether, in the order 
named. 

Whenever it is necessary to run any fluid under the slip by 
suction with filter-paper, it can most easily be accomplished by 
putting the minutest part of a drop of very thick balsam on each 
of the four comers of the cover-slip. When laid on the slide the 
balsam should be on the under side of slip. By this arrangement 
the slip is held to the slide by the balsam, and will not be floated 
about by an excess of the fluid run nnder. It also prevents the 
slip from lying so close to the slide as to interfere with the filter- 
paper really absorbing the fluid. Other observers have used 
paraffin, but I find thick balsam rather superior. 

On collecting blood directly from a needle-prick into a suitable 
liquid, the plaques are preserved in their original form, but their 
relative number is small, and they do not readily attract atten- 
tion lying among the more prominent corpuscles. Their pres- 
ence in the blood niay be demonstrated more strikingly by pro- 
ceeding as follows : A large drop of blood is squeezed from the 
finger and taken directly on a cover-slip. The surface of the 
cover-slip to which the blood is adhering, should next bo touched 
three or four times to the surface of some .75 per cent, salt solu- 
tion in a watch-glass, or washed with a jet of the same solution 
from a wash-bottle, until nearly all of the blood is apparently 
washed oS. This part of the proceeding should be finished as 
quickly as possible, and the cover-slip placed in a watch-glass of 
osmic acid for about twenty to thirty minutes or longer. It 
should then be washed by leaving it in a watch-glass of water 
for several minutes, after which it may be mounted in acetate of 
potash and examined. 

The plaques are seen in great numbers all over the field. 
Sometimes they may be found singly, but m<H% frequently they 
are seen in groups, the size of which depends upon the length of 
time between dra'tdng the blood, and getting it into the osmio 
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acid. (See photograph.) If this be very abort, the masses are 
small, and the individual plaques of which they are composed 
may be plainly distinguished ; but the longer the time, the larger, 
as a rule, will be the masses, and the less distinctly can the 
individual plaques be seen. 

For hardening and preserving the plaques, I think 1 per cent, 
osmic acid is the best reagent that can be employed. Instead of 
osmic acid we may use Hayem’s solution, the formula for which 
is : — Distilled water, 200 

NaOl • 1 

NaiSOi 5 

HgCh 0.5 

I prefer, when using Hayem’s solution, to dilute it with its 
volume of 75 per cent, NaOl solution. This avoids the disad- 
vantage of a precipitate if the fluid should evaporate or become 
more concentrated, and preserves the plaques very well. The 
plaques show very plainly when examined in Hayem’s solution, 
their appearance being more striking than when seen in osmic 
acid ; but we are more apt to get very slight irregularities of 
outline, together with minute granules deposited on the face of 
the plaque, which are less frequently seen in osmic acid prepara- 
tions. This is probably due to Hayem’s fluid acting somewhat 
less quickly than osmic acid, thus allowing to appear the flrst 
changes which the plaques undergo in breaking down. I have 
also tried Bizzozero’s fluid, and find it an admirable medium for 
studying the changes undergone by the plaques in breaking 
down, as the changes go on very slowly in this solution. Bizzo- 
zero’s fluid is .76 per cent. Had solution, to which methyl violet 
is added. He recommends the ratio of methyl violet to salt 
solution 1 : 5000. I did not determine the ratio of the violet to 
the salt solution in the fluid which I found to give the best 
results, but I think it contained relatively more of the staining 
element than that recommended by Bizzozero. 

I have also tried the method of preservation by drying. 
Preparations were dried both by spontaneous evaporation and 
carefully over an alcohol flame, but the results of this method 
were so far inferior to those obtained by hardening in osmic acid 
or Hayem’s fluid, that I did not employ it to any great extent. 
If the blood is first hardened in osmic acid and then dried, the 
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reealts are much more satisfactory, although then the drying 
process is unnecessary; 

As mounting media, I have tried the following: — Canada 
balsam. Dammar varnish, glycerine, glucose, acetate of potash 
(saturated solution) and Hayem’s fluid. 

Balsam and Dammar varnish were generally used with the 
dry specimens. They may either be mounted directly (if per- 
fectly dry), or passed through turpentine or xylol. The latter 
method is rather preferable. Balsam and Dammar were also 
often used with specimens stained in an alcoholic fluid, but in 
general it is best to avoid the use of alcohol, as it appears to 
cause a slight shrinkage even after hardening with osmic acid. 

Glycerine is not the best medium for mounting unstained 
plaques, especially when hardened in osmic acid, as they lose 
somewhat in clearness. For stained specimens it works very well. 

Glucose makes a very satisfactory temporary mounting 
material. It is used in concentrated aqueous solution, and has 
the advantage of becoming perfectly hard and requiring no 
cement.' 

Acetate of potash is probably the best mounting medium of 
all those employed. In it both plaques and flbrin threads stand 
out clearly and sharply defined. 

In addition to tiiese r^ular mounting media, the plaques may 
be preserved for a time in Hayem’s fluid. This does very well 
for some weeks, but in specimens several months old there is 
often a coarsely granular precipitate, apparently from the plasma, 
and sometimes crystals are deposited. 

The description which I have given of the plaques in the 
introductory pages of this article, agrees for the most part with 
the descriptions of previous observers, but there are some points 
of difference to which it is desirable to call attention. 

In the first place, their biconcavity is still a subject of dispute. 
Bizzozero ( 7 > 18 und B, 357) asserts most positively that they are 
flat, but says they may become biconcave when treated with 
strong salt solution ; while L3wit ( 3 , 108) says that they are 

' This was found to hold good for several months, but in most of the speci- 
mens examined after the lapse of a very hot summer, the glucose was found to 
have crystaliissed out, and the specimen consequently was ruined. This method 
caimot, therefore, be recommended for permanent preparations. 
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never biconcave in blood drawn into salt solutions, but that 
under certain conditions a biconcavitj may be seen in them 
when examined in peptone blood. Hayem (5, 696 and 697) 
and Laker (1, 177), on the other hand, uphold the view that they 
are normally biconcave, while Schimmelbnsch (2, 217) says they 
are not biconcave when examined circulating in the capillaries 
of the mesentery, but become so when the blood is drawn into 
Hayem’s fluid. As 1 have never examined the circulation in 
the mesentery, I am not prepared to endorse or dispute this 
statement ; but I can say that in addition to seeing them on edge 
and making out their characteristic dumb-bell shape, I have suc- 
ceeded several times in observing them rolling over and over in 
a veiy slow current, so that at least in osmic acid and Hayem’s 
solution I was able to convince myself beyond all question of 
their biconcavity. The biconcavity also appears in the photo- 
graph, which was made from a specimen stained with Bismarck 
brown. 

Bizzozero also describes the plaques as granular, and not homo- 
geneous. This is due, I think, to the method which he employed. 
If he had drawn the blood directly into osmic acid, he would 
have found the plaques homogeneous. 

The sizes, as given by different observers, vary within wide 
limits, but the mean of each of them generally corresponds pretty 
well with the mean of the others. ‘ 

Osier gives their measurement as one-eighth to one-half of 
that of the red corpuscles, which I think expresses with snflicient 
accuracy their extreme variations in size. Hayem (5, 703) at 
first describes the plaques as homogeneous and non-nucleated, 
but later ( 17 , 480 and 481) he changes his opinion and states 
that they contain a nucleus, which may be brought into view by 
staining with haematoxylin. He gets his best results from dry- 
ing a film of blood on the slip — a method which I have never 
considered as from objection, especially when heat is applied 
to effect the desiccation. 

In a later article ( 18 , 372) he again reiterates his statement 
in regard to the nucleus of the plaques, and this time with more 
confidence than before. At the same time, he expresses himself 
in favor of the view that red corpuscles are also nucleated. 

Afanasef investigated this question after Hayem, and comes 



306 


GEO. T. KEMP. 


to the conclusion that what Hayem regards as a nucleus is really 
only a precipitation of granules in the centre of the plaque. 
Schimmolbusch (2i 225) takes a view very similar to that of 
Afanasef. I have some very satisfactory specimens of plaques 
stained with haematoxylin ; some are mounted in acetate of 
potash, others in balsam, but none were preserved by the drying 
method. A thorough examination of these preparations has 
failed to reveal a nucleus, but the characteristic appearance of a 
concave body when seen full on the surface was presented. This 
was rendered more prominent than in the unstained plaque, and 
in so small a structure, it is possible that an appearance of this 
sort may have been taken for a nucleus. Preparations stained 
with Bismarck brown and magenta show the same thing. 

The same question as to a cell-membrane may be raised with 
regard to the plaques, as in the case of the red corpuscles. 

The plaques, under certain circumstances, will shrivel and 
become crenate, just as the red corpuscles; and it is quite a usual 
thing to see both plaques and red corpuscles caught at one end 
and drawn out by a current so as to present a long, pear-shaped 
or even threadlike appearance. (Plate XIX, Fig. 1, d.) 

Hayem ( 5 , 696 and 717) described the plaques as containing 
haemoglobin. In this he was supported by Mayet ( 1 , 213 and 
244), and by the work of Laptsebinsky ( 1 , 658), who describes 
corpuscles about one-third the size of the red corpuscles, which 
are sometimes more strongly colored than usual, and sometimes 
colorless. 

Hlava also ( 1 , 408) has seen circulating in the mesenteiy of 
rabbits, small, mostly round elements colored by haemoglobin, 
which are either young red corpuscles (which he doubts) or 
fragments of old ones. These are not the true plaques, for he 
has described the latter ^1, 404), and says they are colorless. 

Biess ( 1 , 224), Bizzozero ( 3 , 852), Laker ( 1 , 200), Hlava ( 1 , 
408), Halla ( 1 , 220), and Scliimmelbnsch ( 2 , 217), all take &e 
view that the plaques are without color. 

Laker has noticed the “ teinte verdfttre of Hayem, but 
thinks it only a shimmer from the surface. He has seen the 
same thing in the leucocytes. Another proof that the color is 
not proper to the plaques, is the fact that when seen in groups, 
one lying over the otW, the color is no more intense than when 
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Been singly or isolated. This has also been noticed by Laker 
(1, 179), and by Halla (1, 920), as well as by myself. 

Another interesting relation between the plaques and red 
corpuscles has been pointed out by Hayem (5t 728), Bizzozero 
(3, 857), and Lavdovsky (2, 64). They find that in different 
animals the size of the plaques always varies in the same ratio 
as that of the red corpuscles. 

To these many interesting points of relationship between the 
plaques and red corpuscles, I can add that, in trying to get a 
preparation from which to make a photograph of the plaques, 1 
tried ten different staining fiuids on the blood after hardening in 
osmic acid, and in emery ease the plaques and red corpuscles 
stained proportionately. 

In addition to the points of resemblance already given, 
Hayem (10, 565) also mentions a somewhat complicated process 
of drying, washing and staining in which the plaques deport 
themselves exactly like the red corpuscles. 

The many prominent marks of relationship between the 
plaques and red corpuscles, together with the idea that they con- 
tained haemoglobin, prompted Hayem to advance his haemato- 
blast theory : that the plaques are early stages in development of 
the red corpuscles, the gap between the largest plaques and 
smallest red corpuscles being filled by elements to which Hayem 
gives the name globules nains.” In support of his haemato- 
blast theory, Hayem (11,120) has found that in pathological 
conditions of the system where ‘‘ new blood ” is demanded, we 
always find the plaques in increased numbers — a fact which had 
previously been stated by Riess (2, 696). 

The sources of error in all numerical determinations of the 
plaques are very great, on account of the tendency which these 
elements have to adhere to each other or to any foreign body 
with which they come in contact. I was early led to see that 
for this reason numerical determinations where the hlood had to 
be measured, were practically of little value. The same point 
has been made by Schimmelbusch (2, 226-231), who, in addition 
to the results of his own observation, has shown, that enormous 
variations exist in the results of the same observer, while differ- 
ent observers have obtained diametrically opposite results, in 
determining the number of plaques in certain pathological con- 
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ditions. This point was also noticed by Howlett (1, 224). I 
think the only way to obtain a reliable numerical determination 
of the plaques would be to prick the skin through a drop of 
osmic acid, examine a thin layer of this mixture, and count the 
relative number of plaques and red corpuscles. A separate 
determination would then have to be made by the usual methods 
for the red corpuscles, from which the number of plaques 
could be calculated. Even this method would not be free from 
error, for Hayem (26) has shown that enough plaques adhere to 
the edges of the wound to make an appreciable difference in the 
extravasbted blood. 

Probably the most suggestive observations in support of the 
haematoblast theory were made by Hayem ( 4 , 380), who has 
found the plaques in the vaso-formative cells of the mesentery of 
newly-born kittens, where the young red blood corpuscles are in 
process of development, while both Hayem and Pouchet (1, 97) 
have described intermediate stt^es between the plaques and the 
red corpuscles.* 

We cannot -regard the haematoblast theory as proved, but we 
must acknowledge that the relationships between the plaques and 
the red corpuscles are most striking; and it seems as though this 
is the most plausible explanation afforded. 

§ 8 . 

Micro Ch&ndstry. 

In studying the micro-chemical properties of the plaques, a 
combination of methods was used.* 

With water the plaques swell up into large bladder-like struc- 
tures, which consist of a very pale, hyaline sphere with grannies 
collected at one point on its surface. The hyaline part is not 
easily distinguished in water without a very fine lens. By run- 
ning iodine under the slips, the bladders may be studied to much 
better advantage. If the blood be so completely washed away 
that no fibrin will form, the bladders will begin to disappear 

* The observation of Hlava just mentioned maj also be taken in support of 
Hajem and Pouchet, the colored bodies which he distinguishes from the plaques, 
being plaques containing hicmoglobin, and on the way to form red corpuscles. 

. *Pp. 801-308. 
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after a day, although at the end of three days some of them may 
still be found, especially the smaller ones. (Plate, Figs. 8-12.) 

Acetic acid (.1 per cent.) acts like water, only more power- 
fully. 

Concentrated acetic acid readily dissolves the red corpuscles 
and plaques. The white corpuscles are gradually dissolved, the 
nuclei resisting the action of the acid the longest. 

Concentrated solution of potassium hydrate 'quickly dissolves 
eveiything in the field except the granules of the coarsely 
granular leucocytes. 

Solution of magnesium sulphate (27 per cent.). If* this solu- 
tion be used on the finger (p. 301), the plaques will remain 
without breaking down for a considerable length of time. 

Cold. — One of the best means of studying the breaking down 
of the plaques is to observe them in .75 per cent, sodium chloride 
solution or Blzzozero’s fluid at a reduced temperature — e. g, 6* 
C. This will retard the clotting so that the different stages may 
be conveniently observed. 

A very low temperature — e. g., — 1 to C. — will prevent 

coagulation. If a preparation be kept at this temperature for a 
few hours, and then the temperature be raised, the plaques will 
break down, bnt no fibrin will be formed. This is inteiresting, 
for, as Hayem (6, 708) has pointed out, there must be some deep- 
seated chemical change produced by the cold, which prevents 
the plaques firom yielding that which appears to make them 
essential to the process of coagulation. 

Concentrated solution of mercuric chloride preserves the 
plaques, but causes a precipitate in the blood which renders its 
use objectionable. 

Of the different staining fluids, methyl violet, gentian violet, 
and strong fuchsin, stain the plaques readily and deeply. They 
should be used in very dilute solutions, especially the methyl 
violet. 

Iodine, when run under the slip, appears to stain the plaques, 
and makes them stand out veiy satisfactorily. It is particularly 
adapted for studying the bladder stage. The coloration from 
iodine is not, however, a true stain, for the last traces of it may 
be washed away by water even after the iodine has been allowed 
to act for thirty-six hours. Bismarck brown, magenta, £leinen- 
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berg’s haematoxylin and aqueous haematoxjlin, give very good, 
and for permanence the best, staining of the plaques, but a 
longer time is required than for methyl violet, gentian violet or 
fuchsin. Eosin will also stain them, but to got satisfactory 
results it is necessary to use a tolerably strong solution and 
allow it to stand from twelve to fourteen hours. Aniline blue- 
black, borax carmine, Frey’s carmine and picro-carmine, do not 
stain the plaques even in forty-eight hours. 

I also used a double staining fluid of carmine and indigo-oar- 
mine, recommended by Shakespeare and Norris,' which is claimed 
to stain green any cell which contains haemoglobin. Hoping to 
And another method of determining whether the plaques con- 
tained haemoglobin, I tried it several times, but without success. 


Origin of the Plaguee. 

The question now arises : Are the plaques normal and inde- 
pendent elements of the blood, or have they been derived from 
the other elements of the blood, either normally or by 'the 
methods of preparation ? 

This is a subject on which the greatest diversity of opinion 
exists, all of the following views having been held, and experi- 
mental evidence adduced to support them : 

1. They are haematoblasts, or young red corpuscles. 

2. They are derived fix)m the rod corpuscles. 

3. They are derived from the white corpuscles. 

4. They are nuclei floating free in the blood. 

5. They are flbrin. 

6. They are globulin depositions produced by cooling of the 
blood. 

7. They are independent elements. 

While the red and white corpuscles were the only recognized 
histological constituents of the blood, it was most natural for 
observers to refer the plaques and granular masses to one of these 
elements, without considering the possibility of the plaques being 
independent elements themselves. 


' Amer. Jour. Med. Science, Jan., 1877. 
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The theory that they are derived from the red corpuscles has 
received but little support. Boettscher ( 1 ), who believes the 
red corpuscles to be nucleated, thinks that the plaques are free 
nuclei from them. Ehrlich (1, 405) thinks that in anaemia the 
red corpuscles break down and give rise to the structures pictured 
by Eiess. 

Laker ( 1 , 192) has made this particular point the object of 
special study, and he comes to the conclusion that the plaques 
are not derived from the breaking down of the red corpuscles, 
for he has produced this artificially in various ways ; but of all 
the fragments which he examined, he did not find one that he 
would have mistaken for a plaque. The same subject has been 
investigated by Schimmelbnsch 216), with similar results. 

The view that the plaques are derived from the leucocytes has 
met with much more general acceptance, and has been defended 
by observers of high authority. 

Riess says ( 1 , 224) that they are destruction-products of the 
white corpuscles, produced by an insufiicient nutrition of the 
blood. In another article ( 2 , 696) he says that in pathological 
conditions, when the number of leucocytes is increased, we find, 
as a rule, that the number of plaques is increased also. 

Even more to the point than the observations of Riess are 
those of Ealla ( 2 , 376-378), who has shown that while the 
number of plaques and leucocytes respectively is not necessarily 
increased or diminished at the same time, yet in general the 
cases where the plaques are found in the greatest abundance are 
those in which the leucocytes are also most numerous, or closely 
following a condition where they had existed in great numbers. 

As a matter of fact, the very cases in which we find this 
increase of leucocytes and plaques are generally those in which 
the number of red corpuscles is diminished. This fact was 
noticed by Riess ( 2 , 696), and especially by Hayem (11, 120), 
who says that his view is supported by the results of over fifty 
observations. Thus we see that the points made by Riess and 
Halla, will serve as well to support Hayem’s )}aematoblast theory, 
as the theory of the derivation of plaques from the leucocytes. 

Ponchet ( 2 , 136), from similarity of staining, thinks, the 
plaques are derived from the protoplasm of the leucocytes ; and 
Howlett, whose work done after Hayem and Fouchet, but 
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about the same time as, and independently of, Bizzozero, is also of 
the opinion ( 1 , 224) that the plaques are derived from the lenco- 
(^rtes, his reasons for this belief being : that they are absent fi^m 
scrapings of lymphatic glands, spleen, and the medulla of bones 
in the dc^ ; and that they resemble processes of leucocytes. 

From the latter statement we would infer that Howlett regards 
the plaques as derived from the body, rather than the nuclei of 
the leucocyte, although he mentions that they stain like nuclei 
with the aniline colors. 

Hayem ( 4 , 49) at first appeared to advocate the view that the 
plaques were independent elements (6lem4nts particuliers, et k- 
tons les d^gr^s de lenr Evolution, parfaitemont distincts des leu- 
cocytes). In a later article ( 9 , 198) he says : The haematoblasts 
arise in the lymph; they are found in the protoplasm of the 
white corpuscles, from which they are set free before entering 
the blood, except in certain pathological conditions.” He de- 
scribes leucocytes found in the lymphatic glands, in which ready- 
formed plaques may be recognized. These elements possess a 
nucleus more or less hidden by the plaques. He does not men- 
tion the mnltinuclear leucocytes to which Hlava attaches so 
much importance, and it is possible that he had these under 
observation, regarding their nuclei as plaques. Ldwit (3, 127) 
also has seen structures in the leucocytes, in wanned peptone 
blood, which he took to be plaques. 

He ( 3 , 125) believes that he has also seen hyaline drops exude 
from leucocytes, swim off in the plasma, and become plaques. 
He gives a figure illustrating this process, which I reproduce 
(Plate, Fig. 13, o), and from which I infer that what he has really 
seen is a plaque which is adhering to the edge of a leucocyte, 
and which has become a small bladder.' He has taken the 
hyaline part of the bladder for a plaque, while the granular part 
is lost against the leucocyte. Sometimes small bladders are 
formed, the hyaline part of which is little, if any, larger than a 
plaque (Plate, Figs. 11 and 12). He admits also, that this 
process takes place very quickly in blood drawn into salt solu- 
tions, and cannot always be seen, while it very rarely can be 
traced ; which is well in accordance with such an inference. 

Halla thinks the plaques are derived from leucocytes which 


' See psige 808. 
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break down in the circulation, because they are found to be most 
numerous at the same time, or immediately after the leucocytes 
are found in greatest numbers. He thinks they are nuclei of 
leucocytes because they resemble these stmctures more than the 
rest of the cell. 

The most ardent supporter of the theory that the plaques are 
nuclei of leucocytes is Hlava. Hlava ( 1 ), after a severe criticism 
of Bizzozero’s work, gives the results of some experiments of his 
own' on plaques and the or^n of fibrin, in which he is led to 
the conclusion that the plaques are nuclei of the leucocytes, 
which are set free when the latter break up, whether in the 
circulation or in extravasated blood. He adduces the following 
facts in support of his theory : 

First (1, 403) : He admits that he was unable to find any white 
corpuscle breaking down while in the circulation, but he has seen 
white corpuscles filled with plate-like structures. “Such white 
corpuscles have the greatest similarity to conglomerations of the 
true plaques, and stand perhaps in close relation to them.” 

Second : He divides the leucocytes into several varieties, and 
says that one definite variety of these — the multinnclear (see 
Plate, Fig. 14, a, h,o,g ) — always breaks down much more readily 
than the others when the blood is shed. The total number of 
leucocytes is much smaller before coagulation than after, and the 
few which remain are nearly all of the uninnclear variety. 

Third : He has observed (1, 404) that we find more plaques 
when we examine blood in salt solutions than when it is drawn 
into osmic acid. He gives as the reason for this that the leuco- 
cytes are set by the osmic acid, and therefore cannot break down, 
while a destruction of the multinnclear leucocytes takes place in 
salt solutions, giving rise to what have been taken for groups of 
plaques. 

Fourth : He has also found (1, 408) that as the multinuclear 
leucocytes break down, their nuclei stain less deeply with 
gentian violet. The same may be noticed with regard to the 
breaking down of the plaques ; moreover, the plaques and nuclei 
have about the same size and shape. 

Fifth ( 1 , 394) : He quotes Ranschenbach that fibrin formed 
from a necrosis of the leucocytes has the same micro-chemical 
properties ac the plaques ; and from this he draws the conclnrion 
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that the micro-chemical properties of the pla^|[||P(nd dead 
lencocjtes are the same. 

Sixth ( 1 , 409) : He explains the presence of plaqnes in the 
blood while yet in the vessels by snpposing the breaking down 
of the leucocytes to be a perfectly normal occurrence in the 
circulation. To support this view he refers to the work of 
Schmidt, who, with Jackowicki, Birk and others, has found that 
free ferment exists in the blood, and is increased in amount 
during fever. 

In regard to the first point that Hlava makes, I can say that I 
have seen the corpuscle which he describes (Plate, Fig. 14, a, 5, c, g)y 
but have always r^arded it simply as a inultinuclear leucocyte. 
It is certain that dilute acetic acid brings the small bodies in 
them into prominence, just as with a nucleus, while there is no 
such reaction as that shown when the plaqnes are treated with 
this reagent. Furthermore, I have not observed any biconcavity 
in the small bodies within the leucocytes, such as is seen in the 
plaques. 

As to the second observation of Hlava, I must say that my 
observations, in several instances where my attention was directed 
particularly to this point, do not go to confirm it. 

In the third point Hlava is correct in stating that we find 
fewer plaqnes in osmic acid than in dilute salt solutions, but I 
think the reason of tliis is, that in salt solutions the plaqnes 
adhere to the slide or cover-slip, while the other elements are 
drawn hither and thither, or even washed away entirely. Thus 
the plaques from the whole drop of blood will collect together on 
the slide or cover-slip, and appear very much more numerous in 
proportion to the other elements than they really are. This very 
fact is taken advantage of to get a great many plaques under 
observation in the same field. 

To the fourth point, I can only say, that in all the preparations 
of clot which I have examined I have not seen half-a-dozen 
leucocytes broken down, but I have seen groups of plaqnes 
which presented exactly the appearance which we would expect 
to find in a leucocyte breaking down ; and I am only able to feel 

’ See p. 809. When the blood is mixed in proper proportions with strong salt 
sbluthm, which prevents them from adhering, their number is found to be about 
the same as in osmio aoid. 
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confidenlS^pit was not a leucocyte from the fact that many of 
the latter oRnd be distinguished, of all varieties, which showed 
no signs whatever of disintegration; and, more important still, I 
have followed the process of breaking down in masses the 
individual plaques of which I had seen come together and these, 
when well broken down, would sometimes present the appearance 
BO easily mistaken for a leucocyte. 

Hlava’s fifth argument will not hold good, because by necrosis 
the micro-chemical properties of the leucocytes may be changed 
entirely. lilava himself regards coagulation as a necrosis of the 
white corpuscles ; but the normal plaques and leucocytes do not 
have the same micro-chemical properties, as I shall show later. 

Hlava’s sixth point also cannot bo said to be free from objec- 
tion. In the first place, the plaques are biconcave, while the 
nuclei of the leucocytes have never been made out to be so. 
They also differ in micro-chemical properties, the nuclei resisting 
the action of concentrated acetic acid longer, and also staining 
more readily than the plaques with certain reagents. They are 
not found in the blood of ovipara, nor in the blood of inverte- 
brates, although multinuclear leucocytes are found in the blood 
of these animals. The fact that ferment may exist in the blood,, 
and even be increased in fever, does not prove that the leuco<^tos 
break down, for the plaques were present also, and it may have 
been derived from them. 

Of the older writers, Simon and Andral have mentioned 
structures which were possibly plaques, in connection with, the 
formation of fibrin. (See historical section.) 

The chief supporter of the view that the plaqnee ace dieposi- 
tions of fibrin is Hanvier ( 1 , 215 and 217), who. comes- to this 
conclusion from a few micro-chemical resemblances which exist 
between them, one of which is that they are both stained with 
iodine. Lavdovsky ( 2 , 65) and Halla ( 1 , 222) think that the 
plaques are morphologically allied to fibrin, from the intimate 
connection which exists between the granular masses and the 
fibrinous network. Banvier also makes this a strong point. 

Now, I have shown (p. 309) that iodine does not give a true 
stain to the plaques, and the same may be said with regard to fibrin ; 
but in preparations stained with Bismarck brown, or methyl 
violet especially, we have the remnants of the plaques deeply 
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Btained, while the fibrinons threads radiating out from' them are 
nearly colorless, and can be seen to mn directly np to^the mass, 
from which they can be more or less sharply distinguished. The 
same thing may be more clearly shown If haematoxylin be used 
instead of Bismarck brown or methyl violet. To do this, let the 
plaques and fibrin stain thoroughly, then remove the excess of 
haematoxylin by acid. The last traces of color will be removed 
from the fibrin while the plaques are still deeply stained. 

These methods of staining do not show, beyond doubt, micro* 
chemical differences between the plaques and fibrin, for in the 
case of haematoxylin it is only natural that the stain should be 
removed from such delicate structures as the fibrin-threads 
before it is from the granular masses. In the case of methyl 
violet or Bismarck brown, the difierence in staining between the 
granular masses and the fibrin-threads seems to be too great to be 
accounted for by their difierence in size, yet I have never been 
able to wash the stain entirely away from the fibrin. The' action 
of distilled water, however, shows a true micro-chemical differ- 
ence between the plaques and fibrin. The plaques take on the 
bladder structure described, and gradually dissolve, while the 
fibrin remains unchanged. 

The theory that the plaques are precipitated globulins is held 
only by Ldwit.^ This observer believes (3, pp. Ill, 114-117, 
124-125) that the plaques are globulin depositions which at the 
body-temperature are normally in solution in the plasma, or 
contained in the leucocytes, but which are precipitated from the 
one by cooling, or extruded from the other when the blood is 
drawn. He claims to have produced plaques by precipitating 
separately both fibrinogen and paraglobulin (3, 124 and 125). 

lid wit believes that the plaques do not exist in circulating 
blood, for the following reasons : 

First (3, 85-93) : Their number is found to vary when drawn 
into salt solutions of different strengths. 

i Unlortunateljr, the numbers ot the Sitzungsberiohte of the Vienna Academy 
which contain Lowit’s two first articles (1 and S) were not in the University 
library at the time this article was written, and I was only able to find them 
after Sobimmelbnsch’s later article (9) came to hand. The work of Lowit is 
rather out of the usual line, and I hope, in a future publication, to enter more 
closely upon his investigations and results than I shall be able to do here. 
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Second ( 3 , 89): If blood be drawn into 25 per cent, salt 
BolntioD, no plaques will be found. 

Third (3» 107) : The plaques in the blood of peptonized dogs 
are not so numerous when drawn as after standing for .some 
time. 

Fourth (3) 111): The plaques cannot exist in circulating 
blood because they dissolve in the plasma' at the body-tempera- 
ture. 

Fifth (3, 113): Plaques do not exist in the blood of cold- 
blooded animals. The element described by Hayem, Bizzozero 
and others, is the representative of a stage in the development 
of the white corpuscles. 

With respect to the first reason, we should expect the number 
to vary in dilute salt solutions, on account of the adhesion of the 
plaques to the cover-slip." Additional evidence in favor of the 
assumption that the plaques are present in the circulation, is 
derived from the fact that if a large drop of strong salt solution : 
28 per cent. MgS 04 , 25 per cent. NaOl, etc., be put on the finger, 
and the finger pricked through the drop so as to get a small 
amount of blood in comparison to the drop of salt solution, the 
plaques are found isolated and fioating freely, like the corpuscles, 
without showing any tendency to adhere. In this case the 
number of the plaques is about the same as when drawn into 
osmic acid. 

In repeating the experiment on which Lowit bases his second 
reason, I can only say that although in some preparations the 
number of plaques was very small, I have never found a prepa- 
ration in which they were entirely absent. 

I have never worked with peptonized dog’s blood, and there- 
fore have no suggestions to offer, at present, in regard to the 
third point. 

The fourth reason will be referred to with the work of Schim- 
melbuBch. 

The fifth point seems rather to be against the assumption that 
the plaques are globulin precipitations produced by cooling, for 
the blood of cold-blooded animals undoubtedly contains both 
paraglobulin and fibrinogen, as well as leucocytes. 

LSwit grants that Bizzozero and others may have found 

* His work was done with peptonized blood. * See p. 803. 
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plaqaes in the oircnlating blood, bat says they were prodaced by 
cooling down the mesentery. He says if the mesentery had been 
surrounded by .76 per cent. NaCl solution at 0., the 

plaques would not have been found. 

Schimmelbnsch combats the views of Ldwit, supporting his 
position mainly on two observations: 

1. In repeating Ldwit’s experiment with normal plasma, he 
was unable to confirm LSwit’s observations with the peptonized 
plasma. His method of procedure was as follows (i$, 212): 

A piece of mesentery was cut out with a red-hot scalpel, so as 
to prevent hemorrhage, and the plaques in the capillaries were 
found to be quite homogeneous. The piece of mesentery was 
then heated up to 40** G., but the plaques refused to dissolve. 

2. He has followed Bizzozero in examining the circulation in 
the mesentery of the rabbit, and has found the plaques circulating 
in the blood through the mesenteric vessels. In this experiment 
(2, 213-217) he has taken the precaution to meet Lowit’s objec- 
tion by keeping the mesentery of the animal immersed in a 
bath of .75 per cent, salt solution at the body-temperature. The 
mesentery is not drawn out until the animal is in position in the 
bath; so that at no time is there an opportunity for a precipitate 
to occur on account of cooling. 

The last view to be considered is that the plaques exist in the 
circulating blood as normal, independent elements. 

That they are not due to changes produced in other elements 
after the blood is drawn, is shown by pricking the finger through 
a drop of osmic acid, by which process all the elements of the 
blood are set immediately upon leaving the vessel. It is also 
pretty conclusive proof, that four competent observers — Bizzozero 
(7, 17), Lavdovsky (2, 64), Hlava (1, 403) and Schimmelbnsch 
(1, 100) — have seen them circulating through the vessels in the 
mesentery, and Osier (1, 2 and 3) has seen them in the unin- 
jured vessels of the connective tissue of young rats. Fonchet 
(2, 136), prior to Bizzozero, made observations which should be 
mentioned here as proof of the existence of free plaques in the 
circulation, although he regards them as derived from the 
leucocytes, and as being haematoblasts. His observations were 
made on the mesentery of rabbits. By compressing a small 
vessel he was able to cause stasis ; by then observing the different 
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leucocytes he found them with plaques adhering to their surface, 
as well as plaques free in the plasma. He concluded that the 
plaques had exuded from the leucocytes ; but I think, from the 
light of more recent investigations, we may safely explain this as 
we did the observations of Lowit — viz.: that the plaques are 
normally free in the plasma, and that they are found adhering to 
the leucocytes by reason of their viscosity. 

There is no doubt as to the existence of the plaques in the 
blood, and though recognizing their close resemblances to other 
structures also found there, we have not as yet sufficient evidetace 
to believe them to be other than an independmt morphological 
dement. 

This view is held by Max Schultze ( 1 , 36), Osier ( 1 , 144 and 
2 , 530), Bizzozero ( 7 , 17 and 3 , 648), Laker ( 1 , 193), Luvdovsky 
( 2 , 64), Halla ( 2 , 378) and Scbimmelbusch ( 1 , 100) and ( 2 , 217). 

§ 6 . 

Histdogy of Coagulation with Espeddl Reference to the Part 
Played hy the Plaques. 

In this section it is not my intention to dwell upon the different 
chemical theories of the coagulation of the blood; but I shall 
take up the histology of the formation of fibrin, and its relation 
to the histological elements of the blood, the plaques in particular. 

The granular masses* already described as a stage of the 
breaking down of the plaques,* have been found by many observ- 
ers, and various opinions are held as to their origin.* Schmidt 
(6, 356 ; 562-567) says they come from peculiar forms interme- 
diate between the leucocytes and the red corpuscles. He calls 
this intermediate form ** Bothe Eomerkugeln.” This opinion 
is also supported by Semner (1), whose work was done In 
Schmidt’s laboratory, and published the following year. About 
the same time that Semnor’s work came out, Schmidt ( 3 , 528 
and 529) described the white corpuscles as breaking down, and 
giving the appearance of a mass of grannies, which fioat off 
singly or in small groups in the surrounding plasma. This 
description differs from that given by Schmidt ( 3 , 562) for the 

‘Seepage 995. 

* The views of the older writers may be found in the historical section. 
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breaking down of the Rothe Edmerkngeln,” so that he evi- 
dently makes a distinction ; bat he thinks that both have to do 
with coagulation. 

The view of Schmidt and Semner is adopted by Slevogt ( 1 ) 
and Feiertag ( 1 ), pupils of Schmidt. 

Heyl ( 1 , 35-88) has observed that in Bizzozero’s fluid the 
number of granular masses increases as the number of leucocytes 
decreases ; also that both granular masses and leucocytes stain 
with methyl violet. From this evidence, together with the 
assumption that the leucocytes break down daring coagulation, 
he draws the conclusion that the granular masses are derived 
from leucocytes. 

Bioss ( 1 , 245) and Hlava ( 1 , 404-409) both maintain that the 
granular masses are chiefly formed from the . leucocytes, and 
claim to have found intermediate stages. 

Osier ( 2 , 531) and Laker ( 1 , 148) have each given special 
attention to this point, and both deny most emphatically that 
the granular masses are derived from leucocytes. 

L5wit ( 1 , 281) has studied the coagulation of lymph under the 
microscope, and has found nothing that could be taken for 
leucocyte detritus. 

The most generally accepted view in regard to the granular 
masses is that they are formed by the plaques. This view is 
held by Max Schultze ( 1 , 36 and 37), Osier ( 2 , 530), Hayem 
( 5 , 675 and 704 and 16 , 215), Leube ( 1 , 654), Bizzozero ( 3 , 352 
and 7 , 18), Davidson ( 1 , 1028), Laker ( 1 , 183), Halla ( 1 , 217), 
Ldwit ( 1 , 297), and Schimmelbusch ( 1 , 101 and 2 , 220). 

Hlava believes that both plaques and leucocytes form granular 
masses. He thinks that the plaques break down only because 
they are parts of white corpuscles, and has failed to observe that 
the plaques break down sooner than the other white elements. 
LOwit thinks that the granular mass proper is made up of 
plaques, but that leucocytes are often enclosed. 

1 have succeeded, in the course of my investigations, in getting 
preparations in which the individual plaques were seen to unite 
and form the granular masses. By keeping these masses under 
observation, I was able, as they broke down, to follow the process 
continuously until after flbrin was formed. 

The results of my observations are given in the introductory 
section. 
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In addition to this, experiments were made, in which speci- 
mens of blood were taken at different intervals after extravasa- 
tion and hardened in osmic acid, so as to get the different stages 
in the formation of fibrin. 

The results of my work all go to show that the breaking down 
of the plaqnes is intimately connected with the formation of 
fibrin. 

The granular masses formed by the plaqnes become centres 
from which the threads of fibrin radiate. The threads are also 
deposited freely in the field, and often as long, needle shaped 
bodies (Figs. 5, 6 and 7), but there is generally a thicker deposit 
of fibrin in the immediate vicinity of the granular masses, 
especially the large ones, than is noticeable elsewhere. 

The plaqnes, either before or after breaking down, are not 
morphologically identical with fibrin, so that they do not con- 
tribute as such to the formation of the fibrinous network; the 
remnants which are seen enclosed by the threads of fibrin are 
held there mechanically, and are not an essential part of the 
reticulum. 

That fibrin has a tendency to radiate from the granular masses 
as centres, has been observed by Biess (1, 744), Banvier (2, 98), 
Hayem (5t 704 and 705), Leube (1, 654), Bizzozero (7) 19 and 20 ; 
12, 531), Davidson (1, 1028),LavdovBky(2,65) and Halla(2, 222). 

Banvier, Bizzozero, Davidson and Halla think ther^ is a direct 
connection between the fibrin-threads and the granular masses, 
while Max Schultze (1, 38) is of the opinion that the threads 
pass over or through the masses, but do not proceed from them.* 
Halla (1, 218) has noticed that the fibrin-threads are deposited 
most thickly in the neighborhood of large masses of plaqnes. 
Fano (2, 894 ; 4, 211) says that sometimes the plaqnes form the 
centres of radiation for the fibrin, but more frequently the leuco- 
cytes are such centres. 

In many observations that I have made, I have found that 
when the plasma is very much diluted, but little fibrin is formed. 
Under these circumstances the field is comparatively clear, and it 
can then be seen that no fibrin proceeds from the leucocytes, but 
all comes from the plaques, or is deposited fieoly in the field 
(Plate, Fig. 6). When the clot is thicker, the fibrin is seen to 

' From his flgnies one would judge the contrary. 
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radiate in manj instances from large masses, of which it is 
impossible to decide positively, from their appearance, whether 
they are plaqnes or leucocytes (Plate, Figs. 5 and 7). 

Sometimes a leucocyte will be covered more or less with 
plaques which can easily be distinguished at first, but which later 
would make it appear as if the leucocyte had broken down 
(Plate, Fig. 8). In some specimens of clot, I have seen leucocytes 
with only a tew adherent plaques (Plate, Fig. 12). In such cases 
the fibrin has been seen to radiate typically from the plaqnes at 
the edge, while it bore no relation to the free margin of the 
leucocyte. In specimens hardened in osmic acid and stained 
with carmine this point can be made out very clearly. The 
leucocyte stains with the carmine, while the plaques and fibrin 
do not. 

Hayem ( 5 , 720) and Schimmelbusch ( 2 , 242) have each pointed 
out that fibrin may be formed elsewhere than aroiind the plaques. 
Schimmelbusch ( 1 , 102; 2 , 286 and 242) believes that the fibrin 
does not show any preference for one or another of the histo- 
logical elements of the blood. Bizzozero ( 4 , 109) is of directly 
the opposite opinion, and states that fibrin is deposited around 
the plaques, and nowhere else. 

When the formation of fibrin is abundant, there is a thick net- 
work of threads all over the field, and every spot is seen to be 
fhll of fibrin, whether it contains histological elements or not 
(Plate, Fig. 7) ; but when the formation of fibrin is scant, it will 
nearly always be noticed that the fibrin is deposited most thickly 
in the neighborhood of the masses of plaques (Plate I, Fig. 6). 
Even in preparations where the fibrin is sparingly formed, the 
threads are deposited elsewhere than around the granular masses, 
and occasionally, though rarely, I have found granular masses 
around which the fibrin did not appear to lie any more thickly 
than in the clear field. The fact that nearly always the fibrin itt 
deposited most tliickly around the granular masses, even radiating 
from them as centres, while interesting and significant, is not 
conclusive proof that the plaques are conuected with coagulation ; 
for the same adhesive property of the plaqnes which makes them 
adhere to each other, may also cause the threads of fibrin to stick 
fast as they separate out from the medium around them. This 
seems all the more probable when we consider that the fibrin as 
well as the plaques is sticky and adheres to the glass. 
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Preparations in which the clot is scanty are generally obtained 
froin blood when diluted with a reagent which retards ooagnla* 
tion ; and the fact that in these preparations the fibrin is deposited 
most thickly in the vicinity of the masses of plaqnes maybe dne 
to the plaques giving up somediing which produces or hastens 
the coagulation, and that in dilute solutions this substance is 
more plentifnl in the neighborhood of the granular masses than 
elsewWe. More will be said of this later. 

In a recent pnblication Laker has taken the view that the 
fibrin-threads are folds of a membrane which he calls the 
primary fibrin membrane. Laker (2, 166) finds that if a very 
thin layer of blood be gotten under the cover-slip, at the end of 
fifteen minutes no network will be visible, but the fibrin will be 
formed as a transparent membrane witliont difterentiation. If 
now the cove^slip be pressed or moved, folds may be produced 
in the membrane which he believes to be identical with fibrin : 
first (2» 155), because their histological properties are the same, 
and secondly (2, 156), because with defibrinated blood he failed 
to get the membrane. There is no relation between these folds 
of the membrane and the cellular elements, the latter being 
found just as they were caught and held by the viscous substance 
of which the membrane is formed. • 

Eeference has been made to such a formation of fibrin by 
Kasse,‘ Anderson* and Virchow.’ ' Banschenbach (1, 8 and 9) 
and Halla (1, 282) describe a membranous form of fibrin from 
the coagulation of fibrinogen and paraglobulin with ferment. 
This membrane is transparent and homogeneous, and can be 
plainly seen only by sundry folds in it. 

The view of Laker is almost identical with that of Virchow,* 
who, as early as 1856, says : ** The fibrimcoagnlnm is at first 
a homogeneous, structureless mass in which the appearance 
of fibres is given only by foldings on its surface or by splitting 

and rolling up from the edges After the coagulation is 

complete we have a homogeneous jelly in which lighter cells are 
suspended. .... Any shaking or jarring, or movement of one 

‘ Nasse, Das Blut, p. 40. Also MnUer’s AtoIut 1841.— Quoted from Holz- 
mann, Arohir fOr Anatomie nnd Physiologie, Fhys. Abth., 1886, p. 280. 

* Froriep’s Notiz, 1844, p. 076. — Quoted from Holzmann, op. cit. 

*yirohow, Gesammelte Abhandlnng, 1866. — Quoted from Holzmann, op. cit. 
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part of the coagulnm upon another, produces folds, which in a 
thick layer are confined to the surface, but in a membrane involve 
the whole thickness. The folds sometimes form asters and 
sometimes a reticulum ; at other times they are parallel, but 

they always appear as fine, smooth lines The cellular 

elements are [simply mechanically] retained by the clot.” 

Bindfieisch and Hermann have also mentioned a homogeneous 
stage in the coagulation of the blood which precedes the formation 
of fibrin-threads. Bindfieisch ( 1 , 159) describes numerous splits 
and cavities which are seen as the threads of fibrin are formed 
by consolidation (festwerden) from the homogeneous jelly, while 
Hermann ( 1 , Yol. 1, p. 253) thinks the threads are formed by a 
process closely resembling crystallization. 

Schimmelbnsch (1, 102; 2i 236) insists very emphatically 
that the formation of threads of fibrin is a true crystallization 
process, and does not believe there is a previous stage, either 
homogeneous or granular. Banvier ( 1 , 217) regards the plaques 
as fibrinous, and says that when the blood begins to clot, processes 
run out from them which form the groundwork (premieres travSes) 
of the reticulum ; this then develops by depositions of fibrin, just 
as a crystal of copper sulphate will grow in a solution of that salt. 

Hayem (5, 719) does not believe in the fibrinous character of 
the plaques, but nevertheless compares tb^ formation of fibrin to 
a *‘sort of crystallization starting from small crystals already 
formed.” 

1 have often noticed the membrane which Laker has observed, 
and I have also noticed that folds of this membrane, when fine, 
cannot be distinguished from threads of fibrin ; but I do not think 
that all fibrin-threads can be regarded as folds of such a tqem- 
brane. The fibrin-threads appear to be separated out from a 
homogeneous mass in which they lie, but when two threads are 
seen to cross, they can often be seen to be distinctly marked off 
from each other, the one lying beneath the other, and not con- 
nected as they would be if both were folds of tlie same mem- 
brane. Furthermore, formations of fibrin have often been 
obtained in which no traces of a membrane are to be found, if 
such ever existed. This is generally the case in specimens of 
blood considerably diluted. 

IMnh U moat probable ihai vihdt Laker deecribea cm a mem- 
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hrcme is a layer of the hamogemoua stibstanee deeeribed by 
ViroAoto, Hindfeiaeh and Hermann, which eeaeniiatty of the 
eame oomjpoeiUon ae fibrin, and from which the fibrin-threads 
are formed by a process very dose^ reserMmg crystodMzation,if 
not idenUcal tdth it. 

If a specimen of blood be drawn into a beaker and allowed to 
clot, it will first be seen to •• set ” into a firm jelly, in which the 
larger fibrin-cords develop later, and by their contraction squeeTse 
out the serum. Ifow, the consolidation (festwerden) of this 
colloid mass into threads, with the formation of splits and cavities 
(Spalten nnd Luchen) between them, as described by Bindfleisch, 
may be looked upon as a process closely resembling Grystalli- 
eation,” as Hermann defines it. The definite form which the 
fibrin-threads take, especially the typical needle-shaped form of 
the threads when deposited isolated in scanty clot, speaks strongly 
in favor of a crystallization ; while the subsequent toughening 
and contraction of the threads show a clear resemblance to the 
coagulation of certain proteids, notably myosin. 

In fact, it appears that we have in blood an interesting process 
which may be regarded as intermediate, in a certain sense, 
between a true crystaUization on the one hand, and the coagula- 
tion of certain proteids, such as myosin, etc., on the other. 

From the foregoing, 1 think it is evident that there is no histo- 
logical connection between the plaques and fibrin, so that if the 
plaques are involved at all in coagulation, the connection 
must-be a chemical one ; that is, the plaques must give up some- 
thing to the plasma at the same time that they break down. 

Hayein (6, 704 and 705), Bizzozero ( 4 , 101-103; 7 , 19), 
Lavdovsky ( 2 , 65), Halla ( 1 , 222; 2 , 878) and Ferraro ( 1 , 295) 
have pointed out that fibrin is formed pari passu with the 
breahcmg down of the plaques ; and both Hayem and Bizzozero 
have shown that reagents or conditions which retard the breaJeing 
down of the plagues, retard to fbboisblt thb sahb bxtbbt the 
formation of fibrin; while reagents which fbbsbbvb thb 

FtAaOBS FBBVBNT THB BOBMAHOH OF FIBBUT ALTOOBTHBB. 

I think the strongest evidence we have of a connection between 
the plaques and the clotting of the blood is derived from these 
facts, and all my observations thus far completed confirm .them 
in every respect. • 
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SchimmelbuBch (2» 288 and 239) notices the observations of 
Hsjem and Bizzozero, that reagents which affect the breaking 
down of the plaques also affect coagulation. He does not attadi 
much importance to this, but says that the reagents employed 
may possibly prevent coagulation, even if the plaques broke 
down. He admits, however, that there is more iveight to be 
attached to the action of cold and warmth respectively slowing 
or hastening the breaking down of the plaques. 

Schimmelbusch (1, 102 and 103 ; % 242) does not believe that 
there is any connection between the plaques and coagulation. 
The chief objections which he urges against this assumption may 
be given briefly as follows : 

1. He refers to the experiment of Bizzozero (2) 308 ; 4, 108), 
in which this observer found that in the blood of animals after 
death the plaques retained their original form as long as the 
blood remained fluid, while in blood that had clotted the plaques 
were found more or less broken down. Schimmelbusch (2, 309) 
made several experiments in connection with this question, and 
was led to deny the parallelism between the breaking down of 
the plaques and the clotting of the blood. He opened the hearts 
of oats, dogs and man, at intervals of from one to twelve hours 
after death, and took a small bit of fibrin, which he transferred 
to .75 per cent. HaOl solution, or better, to osmic acid. Upon 
teasing out this fibrin, he found a great number’ of plaques, free 
and intact, lying on and between the threes of fibrin. On the 
other hand, he found that in the hepatic vein the blood was slow 
to clot, but the plaques changed rapidly. The plaques, however, 
were star-shaped, and less distorted th4n in arterial blood, ow^g 
to the absence of fibrin. From these observations he draws -the- 
conclusion that there is not an inseparable connection between 
the breaking down of the plaques and the coagulation of the 
blood. 

This work of Schimmelbusch is exceedingly interesting, .'as 
yielding positive results which tend to disprove the relation 
between the plaques and coagulation, so clearly indicated by the 
work of Hayem and Bizzozero. I do not think, however, that 
they can be regarded as condusvoe proof to the contrary, as 1 
hope presently to show. 

To Bizzozero’s observations that solutions of neutral salts. 
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'vronld retard the breaking down of the plaques, and also the 
formation of fibrin, Schimmelbusch {% 238) objecits that even if 
plaques broke ^own, the salt might still prevent coagulation by 
acting ohemioally on what was set fim Now, it seems to me 
that this same objection may be urged against the conclusiveness 
qf Schifomelbusch’s own observations on the hepatic blood. We 
know that a number of ferments and other substances can be 
extracted from the liver after death, and it is not impossible that 
i^me of these may act in the manner described.* 

The fact that well-preserved plaques are found enclosed in fibrin 
taken from the heart some time after death, cannot be regarded 
as conclusive proof that the plaques are not connected with 
the formation of clot, unless we knew definitely what they were 
supposed to yield, and at the same time could be sure that the 
plaques are the only source from which the substance produced 
could be derived. We should also have to know positively that 
aU the plaques were well preserved, and that none of them had 
broken down. 

A striking illustration of this came up in my own work a short 
time ago. In a series of transfusion experiments recently made 
in this laboratory by Professor Martin and Mr. J. P. Campbell, 
peptone was tried to render the blood incoagulable. It was 
found to work very well for dogs, but was without effect on cats. 
Thinking that this might throw son)e light on the subject of the 
relation of the plaques to coagulation, I took some specimens of 
peptonized cat’s blood for examination. The blood was drawn 
from the carotid artery, through a glass canula and . a piece of 
rubher tube about six inches in length. Some specimens were 
.taken and hardened in osmic acid with as little loss of time as 
pQB^le. These were found to be the same as perfectly normal 
bipod. What was my astonishment, however, upon examining 
^ specimens from blood which had stood about two minutes, to find 
’d beautiful typical fibrin-reticulum, with hundreds of plaques 
well preserved and enclosed in the network!* I naturally 

* Hayoralt thinks he has found such a foment in the bnocal glands at the 
medicinal leech, which prevents the action of fibrin-ferment. (See Proceedings 
of the Boyal Society, London, Vol. 86, p. 478.) 

* Preparations of peptone blood were obtained in the following manner : When 
it was desired to harden a specimen blood as soon as possible after being drawn, 
one surtsce of a cover^lip was tooohed to the stream of blood as it flowed from 
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thought I had found k proof that, the blood wonld clot without 
the plaques breaking down; but upon looking into the matter, I 
found that the tube was not clean, but that •blood had been 
drawn through it shortly before 1 took my specimens, and that 
the walls were filled with pieces of adlierent clot. Another cat 
was peptonized, and some specimens of blood drawn through a 
tube already used in the carotid, while others were drawn 
through a fresh tube in the femoral. 

The blood drawn, through the dirty tube was found to clot a 
little more quickly than that drawn through the clean tube. In 
blood drawn through the clean tube, coagulation went hand in 
hand with the breaking down of the plaques. From blood taken 
through the dirty tube, specimens could be gotten in which there 
was a copious formation of fibrin, but in which marly oiU the 
plaques were well preserved. 1 could always find some broken- 
down plaques, but whether these were brought from the clot on 
the sides of the tube, or whether they broke down as the blood 
fiowed through, of course cannot be decided definitely. 

The diflTerence in time between the clotting of blood drawn 
through the dirty tube, and that of the blood drawn through the 
’ dean tube, though slight, was noticeable, and this, together with 
the fact that when coagulation first sets in, the plaques aroifound 
preserved in the specimen from the dirty tnbe,,while they are 
broken down in the specimen from the clean tube, would seem 
to show that in pasamg through the dirty tude the blood took up 
eomdhmg which broughi about ooagvlaUon before the plagues 
broke dovon, bid which is edeo formed later by the plagues when 
they break down. 

From what wo know of coagulation at the present time, it 
seems probable that the agent in fibrin-formation that wonld be 
most apt to conduct itself in thip way is the ferment, 

Hayem (5, 720) and Bizzozero (2, 820) each think that the 

the tube ; a stream of .76 per cent. NaCl solution from a wash-bottle was then 
directed against it immediately, so as to wash off the excess of red corpuscles, 
and the slip was dropped into a watch-glass of 1 per cent, osraic acid. 

To obtain qweimens of the blood after any desired interval of time, the blood 
was drawn into watch-glasses and a eover-s^p laid on its surface (the cover-slip 
will float, so that only the under surface comes in oontact). At the end of the 
desired interval the eoveiHdip was lifted off with a pair of forceps, washed, and 
hardened as above. 
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part played by the plaques is. to ftirni^ something essential to 
the coagulation, and bodh agree that ferment is in all probability 
the agent in question. Bizzozero ( 2 , 819 ; 4 , 111 ; 6 , 278 ; 
13 , 353) attempts to prove this by his well-known experiment of 
whipping blood with threads, by which operation he gets them 
full of adherent plaques and some leucocytes. The threads are 
carefully washed in .75 per cent. KaCl solution, and then added 
to a liquid coagulable with ferment. A clot is formed sooner or 
later, according as there are many or few planes adhering to the 
threads ( 4 , 111). To eliminate the objection that the adherent 
leucocytes had caused the clot, as well as to disprove the theory 
that the leucocytes yield fibrin-ferment, he took specimens of the 
same coagulable liquid, and to them he added pieces of spleen, 
lymphatic gland, red marrow, etc., all of which contain leuco- 
cytes, and got no coagulation ; from which he concludes that tlie 
leucocytes do not yield ferment, and therefore the ferment must 
have come from the plaques adhering to the threads. 

Banschenbach (1, 76-95) enters into a detailed and lengthy 
criticism of Bizzozero’s work, in which he raises two objections 
to the experiment just described : First, that the threads may 
have absorbed ferment which was not washed out, and this it 
was that produced coagulation ; secondly, he says that the pro- 
toplastic fiuid Used by Bizzozero' is only a test for free ferment. 
He thinks the ^rment is combined in some way with the leuco- 
cytes, and that the MgS04 prevents it from being set free. 

The first objection is undoubtedly valid. By granting the 
second, we exclude the leucocytes adhering to the threads from 
a share in the formation of ferment, if any is formed by what 
does adhere to the threads. It then remains to be explained 
why the time of coagulation should depend upon the number of 
plaques, and the experiment remains of value as offering strong 
support to the theoiy that ferment may be derived from the 
plaques. 

' Bizzozero used a fluid recommended by Schmidt. It is made by drawing 
blood into a 98 per cent, solution of MgSO« in the proportion— blood, HgSO, 
:: 1 : 8. The salt solution should be at 0°. When the blood is drawn into It, 
a constant, but not violent, stirring is kept up until the two are well mixed. 
The mixture is then allowed to stand until the cellular elements have settled. 
The plasma is then drawn oS from the top layer and filtered at 0^ and thjs is 
then the protoplastic liquid. 
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The question of the formation of thrombosis is not without 
interest as bearing upon the question of coagulation. 

Before the plaques were well known, there was a great con- 
sensus of opinion among physiologists and pathologists that the 
white thrombus ” which is first formed around a lesion in the 
vascular wall was composed of leucocytes. Within the last four 
years this question has received the special attention of Osier 
( 4 ; 2,531),Bizzozero ( 7 , 19; 3,358; 4 , 117), Hayem ( 22 , 651 and 
655), Ferraro ( 1 , 298) and Lubnitzky ( 1 , 207), all of whom find 
that the white thrombus is not composed of leucocytes, as formerly 
supposed, but of plaques. 

In connection with my work on the plaques, I have taken up 
the subject of thrombosis, and hope to have my results ready for 
publication in the near future; I may say now, however, that 
my work thus far completed tends to confirm the results of the 
later observers just mentioned, and attribute the formation of 
the white thrombus to an agglomeration of plaques around a 
lesion in the vascular wall, or a foreign body introduced into the 
vessel. 

From the foregoing it would appear pretty evident that there 
is an intimate connection between the breaking down of the 
plaques and the coagulation of blood. On the other hand, some 
evidence has been^duced to show that coagulation may some- 
time take place without the plaques. 

Lymph will clot, and Fano and L3wit ( 1 , 295) state that it 
contains no plaques. Hayem ( 9 ),' on the contrary, maintains 
that the lymph doe contain plaque, and, in fact, that the plaque 
in the blood have tlieir origin in the lymph. 1 have not yet 
studied the coagulation of lymph, so that I cannot say at present 
whether the clotting of lymph is similar to that of blood, or 
whether difference exist that will throw light on the relation of 
the plaque to the coagulation of the blood. 

lowit ( 1 , 293) also claims to have obtained specimens of blood 
in 25 per cent. HaCl solution in which there were no plaque, 
but from which he could get a clot. I have repeated this experi- 
ment of L()wit, but with different reults.* 

The strongest evidence yet brought forward against the suppo- 
sition that the plaque are necesarily connected with the coagu- 


•Seep. 817. 
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lation of the blood, ia derived from an experiment of Lowit 
( 1 , 297). This observer found that if rabbit’s blood be mixed 
with 28 per cent. MgSO^ solution, and allowed to stand, the 
whole operation being conducted at O'*, the corpuscles will soon 
settle, and plasma from the top lajer may be obtained in which 
there are numerous isolated plaques, a few red corpuscles, and no 
leucocytes. On adding water the plasma will not clot, although 
the plaques in it are numerous, whereas if fibrin ferment be 
added it soon forms a firm jelly. 

I have not had an opportunity, since consulting Ldwit’s article, 
to repeat this experiment.* Hayem (5 , 708) has shown that 
plaques which have been subjected to temperatures of 0° 0. and 
under for a considerable length of time, lose their power to bring 
about coagulation when the temperature is raised. This I have 
found to bo true, at least for a thin film of blood and .75 per cent. 
NaCl solution, in an ordinary specimen for microscopic exami- 
nation. It may be that the action of MgS04 is somewhat similar, 
and produces deep-seated chemical changes in the plaques that 
dratroy their power to yield the agent active in producing coagu- 
lation. 

From a careful consideration of both sides of the question, it 
is clear that much can be said for and against the theory that 
the plaques take part in the coagulation of the blood. But the 
fact that the breaking down of the plaques and coagulation go 
hand in liand in blood as nearly normal as it is possible to observe 
it, can hardly be without significance, and speaks strongly in 
favor of a connection between the plaques and coagulation as it 
normally takes place. The evidence on the other side is mostly 
derived from experiments involving the use of strong salt solu' 
tions and other very abnormal conditions, which detracts from 
its conclusiveness with regard to normal blood. 

Three other methods of formation of fibrin have been given 
by different observers, besides those already considered i ■ 

1. From the red corpuscles. 

2. From the leucocytes, the leucocytes playing the part 
ascribed in this paper to the plaques. 

3. From the leucocytes by a process of necrosis. 

Each of these will betaken up in turn. 


‘ See footnote, p. 816. 
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• The work of Virchow,* Hoppe-Seyler,* Van der Horst,’ HeynT 
sins,’ Mantegazza,* Landois,* Semner,’ Do^el,' Hart* and Hayem 
( 24 , 62 ), all goes to show that fibrin may be obtained from the 
red corpuscles, and Dogiel thinks it possible that there is a rela* 
tiou^ip between the stromas of the red corpuscles and fibrinogen. 

l^e methods employed in most of the above work place the 
corpuscles under conditions which do not exist in the ordinary 
process of coagulation; and, besides, it is now not claimed that 
red corpuscles are exclusively the source of fibrin, so that it is 
snfScient to mention this work as a matter of interest, but which 
need not be farther discussed, as the red corpuscles do not enter 
the field as rivals of the plaques, in any theory of coagulation. 
There are two observations, however, which should be mentioned 
here, viz. : those of Landois and Hart. 

Landois*** and Hart*’ claim to have observed the stroma of the 
red corpuscles changed directly into fibrin. This was likely due 
to currents, as Landois admits. In speaking of the red corpuscles 
he says : At first we can recognize the contour of individual 
corpuscles, but as soon as a current is set vp** in the surrounding 
liquid, the masses of stromas are carried hither and thither, by 
which process the adhering stromas are drawn out into tough 
threads, the cell-contour being at the same time lost.” He 
attributes the rapjd clotting which follows the mixing of blood 
of animals of different species to this process. 

In the case of thrombi in the vessels, Landois says : ’’ When 
once the stroma-fibrin is formed, the plasma-fibrin can be 
deposited around it, as around a foreign body.” 

The next theory to be considered is, that the leucocytes play 
the part in coagulation which in this paper has been ascribed to 
the plaques. 

‘ Viiohow, Gesammelte Abhandlangen, 1866. 

’ Landois’ Lehrbuch der Physiologie des Menachen, 4th edition, 1886, p. 67. 

' Over de Biwitachtigestoffen van het bleed, Leyden, 1868. 

’ Pfluger’s Archiv, Vol. II, pp. 29-49 ; also, Vol. HI, pp. 414r424. 

■Centralblatt fur die Medicinisohen Wissenschaften, 1868, p. 292. 

’Centralblatt fur die Medicinisohen Wissensobaften, 1874, pp. 420-422. 

’Ueber dieFaserstoffbildangim Amphibien nndVogelblut, etc., Dorpat, 1874. 

s Centralblatt fiir die Medicinisohen Wissensohaften, 1876. 

’Quarterly Journal Microscopical Science, 1882, p. 266. 

••pp. oit. 

» The italics are mine. 
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The belief that the leucocytes break down daring coagulation, 
thus furnishing ferment, has always gone hand in hand with 
Schmidt’s theory of the origin of fibrin from three fibrin factors; 
and as Schmidt’s theory for a long time met with almost universal 
acceptance, it is natural that the theory of the breaking down of 
the leucocytes should have gained a firm hold on the minds of 
physiologists and pathologists. It is therefore not strange that 
often in work on subjects involving the question of coagulation 
of the blood, the leucocytes have been said to break down, not 
because the attention of the observer was directed to this pgint, 
but because it was a generally accepted fact. This will account 
for a large amount of literature that may be quoted apparently 
in support of tho theory of the breaking down of the leucocytes 
as part of coagulation. 

This question has been the subject of many researches, however, 
and has been approached in many different ways, with almost as 
many varying results. 

Schmidt, Hoffman and Heyl have found that there were fewer 
. leucocytes in blood after coagiilation than before, and from this 
draw the conclusion that the leucocytes break down during the 
process. Heyl says there is a loss of 70 per cent, of the leucocytes, 
while Schmidt estimates the loss at 90 per cent. 

These results were obtained for defibrinated blood, and the 
obvious objection has been raised by Bizzozero, Laker and otliers 
that whipping the blood would injure the leucocytes, and hence 
these figures would not hold good for normal clot. Heyl (1, 30) 
himself recognizes the fact that leucocytes are destroyed by 
whipping, for he show? that if blood be shaken instead of 
whipped, the loss of leucocytes is considerably smaller. He also 
points out that by shaking a solution containing fibrinogen, 
paraglobulin and fibrin-ferment, the time of coagulation is not 
affected, while if the same be tried with blood, it hastens coagu- 
lation. He therefore concludes that the leucocytes are broken 
down by shaking, and that the reduced time of clotting is due to 
this. 

These observations of Heyl show pretty clearly that numerical 
results obtained from blood which has been shaken or whipped 
for defibrination, will not hold good for blood under normal con- 
ditions. It is obvious that Heyl’s observation on the acceleration 
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of clotting by shaking does not prove that the Uuwcytes have 
anything to do with it, for he had the plaques and the leucocytes 
together in the blood, and from the extreme vulnerability of the 
plaques, we should expect them to be broken down by shaking or 
whipping. This objection may be raised to the work of Feiertag 
(1), who made comparative observations on the number of leuco- 
cytes and plaques ^fore and after coagulation. To prove a con- 
nection between the leucocytes and coagulation, Hlava (1, 896 
and 397) refers to work done by Heyl (1, 47), who, following v. 
Samson Himmelstjema and Hoffman, injected septic matter into 
the veins of animals, and studied the relation of the increased 
number of leucocytes to the yield of fibrin. It is quite evident 
that these results throw no light on the subject, as here also the 
plaques as well as the leucocytes were involved. Laker makes a 
good point also : that if 71 per cent, of the leucocytes really did 
break down during coagulation, some of them should be caught 
in the act. Schmidt (3, 528) says that he has tbund all stages in 
the breaking down of the leucocytes, but admits that he has 
never seen progressive changes in one individual, while Bauschen- 
bach compares the breaking down of the leucocytes to an explo- 
sion (Der Vorgang verlauft .... in fast explosiver Weise.) — a 
view also adopted by Groth (1, 69 and 70). 

Hlava (1, 410) sliys he has seen leucocytes arrested in different 
stages of disintegration, but like Schmidt does not claim to have 
observed changes in the same leucocyte. 

A view directly opposite to this is taken by Bizzozero (7, 20), 
Laker (1, 198), Lavdovsky (2, 65) and Lowit (1, 277, 280-283, 
302). Bizzozero and Laker are of the opinion that the leucocytes 
undergo no change whatever during coagulation. Lavdovsky 
says, “ The breaking down of the leucocytes, if it occurs at all, is 
of no importance in clotting, and can scarcely be perceived.” 

Bizzozero, Laker and Lowit have all seen the leucocytes in 
blood after coagulation, and Bizzozero and Laker have kept 
leucocytes under observation for several days without finding any 
disintegration. My experience has been the same. Hlava 
(1, 408, 409, 416) and Bauschenbach (1, 12 and 13) have 
advanced a theory, based on their direct observations, which will 
account for this — ^viz. : that there are different varieties of 
leucocytes, and that one variety breaks down readily, while others 
do not. 
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Hy observations on this point have already been given (pp. 318, 
814), and, as is seen, do not confirm it. The results of iny work on 
this subject receive confirmation from the work of L5wit on the 
lymph. Diwit has counted the leucocytes in a given field before 
and after coagulation, and finds their number to be the same. 
L5wit thinks that the leucocytes participate in coagulation by 
emitting something which dissolves in the plasma; but from 
work both on blood and lymph, he comes to the conclusion that 
they do not break down. 

This view, according to Bizzozero ( 4 , 99), was first held by 
Mantegazza (1871), and I have seen no mention of any dther 
advocate of it up to the time of Di wit 

The following observations of Liiwit have led him to the belief 
that the leucocytes take part in coagulation : 

He has found ( 1 , 290) that if lymph containing leucocytes be 
added to hydrocele or ascites-fluid, it will cause coagulation. If, 
however, the lymph had been previously Altered through glass 
wool, and the leucocytes thus removed without breaking down, 
no clot would result from the addition of the lymph-plasma. 

He claims ( 1 , 293) to get blood in which there are no plaques 
by drawing it into 25 per cent. NaOl solution. On diluting this 
mixture it will clot if leucocytes be present, otherwise not. 

He has observed ( 1 , 801) that if blood be drawn into vessels 
surrounded with ice, and the different histological elements 
allowed to settle, they will be found in layers, some of which are 
particularly rich in one ^nd of corpuscles, some in another. If 
now a portion be taken from the layer which is richest in leu- 
cocytes, it will be found to produce coagulation more readily 
than specimens from layers poorer in leucocytes. These results 
are very striking, and would almost carry conviction on their 
face, but li5wit also mentions ( 1 , 300) that the layer in which 
leucocytes are most plentiful also contains many masses of plaques, 
which, of course, detracts from the decisiveness of the experiment. 

Bauschenbach has succeeded in extracting ferment from leu- 
cocytes obtained from a number of sources, but his methods 
involved rubbing them up into a pulp, treating them with 
distilled water, salt solutions, the serum of blood from species 
other than their own, etc. These results are all interesting and 
sn^estive, but do not show that ferment is derived from the 
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leucix^tes as a nonnal part of the coagulation. It is well known 
that peptone injected into the veins of some animals prevents 
the blood from clotting. Such blood has been studied for infor- 
mation regarding coagulation chiefly by Fano and Wooldridge, 
and many points of great interest are suggested by their work. 
I may say, however, that from this work there has been derived 
no positive proof that the leucocytes furnish ferment in ordinaiy 
coagulation. The ferment has always been obtained by the 
action of distilled water, a ' continued stream of carbon dioxide, 
etc.— conditions which are not present in the normal clotting of 
the blood. 

There is great need of more thorough microscopic investigation 
combined with the chemical ; and as I propose, in continuing mj 
work on coagulation, to take up a series of investigations in this 
field, I shall leave a detailed discussion of this subject for a future 
publication. 

Wo are now in a position to decide between the relative claims 
of the plaques and of the leucocytes to the function of yielding 
ferment, or being otherwise concerned in the coagulation of the 
blood. It can by no means be said that it is imjaossible to get 
ferment from the leucocytes. The results of many observers are 
strongly in favor of the assumption that, under certain circum- 
stances, the ferment can be so derived. Bauschenbach (1), 
Wooldridge (6, 417), Lea Green' and Holzmann,* claim to have 
extracted ferment from sources other than the cellular elements 
of the blood. Bizzozero (2, 321), while^claiming for the plaques 
the power of furnishing ferment, expressly states that he does 
not attribute the origin of ferment exclusively to these elements. 
The point which I wish to emphasize is this: that whatever may 
occur in leucocytes subjected to abnormal conditions — ^from 
chemical reagents, crushing, concussion, from whipping of the 
blood, etc. — ^in the coagulation of the blood as it normally occurs 
there is no histological evidence that the leucocytes take part, 
while the contrary is true of the plaques. 

I may here add that I have seen apparently abnormal leuco- 
cytes in many specimens of clot. I do not, however, regard this 
as proof that the leucocytes break down during coagulation, but 

’ Journal of Physiology, Vol. IV, pp. 880-886. 

* Holzmapn, op. oit. 
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think it more likely that the leucocyte was in that condition 
'when the blood was drawn, or that, possibly, alterations were 
produced by its being caught in the contracting fibrin-threads. 
In specimens where the coagulation was studied in Bizzozero’s 
fiuid, or at a reduced temperature, where the process is so re- 
tasrded that its indirndmal steps can he distinguished^ I have 
never seen anything that could be taken for pboobbssiveohanoxs 
in the LBUoooTTBS, while such changes in the plaques are most 
striking. 

The last theory to be considered is that fibrin is formed by 
a necrosis of the white corpuscles. 

This view is foreshadowed in Beale (1 and 2)» and was next 
taken up by Weigert, whose object was to point out the interest- 
ing generalization that a necrosis of structured cells produced a 
substance resembling fibrin. He would gladly include blood- 
fibrin in this generalization, deriving it from a necrosis of the 
leucocytes, but he is forced to admit (2, 92) that “ Fibringerin- 
nung^is <‘ganz isolirt,” and to speak (1, 469) of the substance 
derived from the leucocytes as fibrinahnlich.” 

The later supporters of this view are Wooldridge and Hlava. 

Wooldridge believes that in ordinary coagulation of the blood 
there are two processes, one of which involves substances in 
solution, the other the cell-substance of the leucocytes. His view 
is briefly given by himself (2,418) as follows: 

** There are two essential processes in the coagulation of the 
blood, one of which haa been, hitherto, entirely wrongly appre- 
ciated or overlooked. This latter process is that the ‘dead’ 
plasma converts the white corpuscles directly into fibrin. At 
the same time, however, that this occurs, a substance is liberated 
from the cells which converts the fibrinogen also into fibrin. 
This is the other process. The substance which is liberated from 
the cells is fibrin-ferment.” 

The view of Hlava (1,414) is very similar to that of Wool- 
dridge. He believes that fibrin is produced directly from a 
necrosis of the leucocytes. For convenience of description he 
divides the formation of fibrin into four stages : 

1. The agglomeration of the leucocytes. 

2. The breaking down of these (the protoplasm breaking down 
before the nuclei). 
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8. The death of the nuclei (which according to Hlaya are 
plaqnee). ^ . 

.4. The solidification of tiie fibrin. 

At the third stage the ferment is set fioe, which causes the 
coagulation of the fibrinogen and paraglobulin. The fibrin is 
first granular, then fibrillar. 

I think the most likely explanation of these results has already 
been given — viz. : that groups of plaques may have been mis< 
taken for leucocytes, and that in many experiments he used a 
concentrated solution of mercuric chloride, which produces a 
precipitate of proteids in the plasma that obscures the whole 
field and vitiates the accuracy of any observations. 

Bauscbenbach (1,52) has given attention to the formation of 
fibrin in the presence of many leucocytes, and his conclusion is' 
that the fibrin formed by adding different kinds of leucocytes to 
plasma is true fibrin produced by the spontaneous coagulation of 
the plasma, the apparent differences being due only to the 
detritus of the leucocytes, and other foreign matter mechanically 
retained. 


SUMMAHr. 

The conclusions arrived at in this paper may be given briefly, 
in summary, as follows : 

1. In addition to the red corpuscles and leucocytes, the blood 
normally contains a third histological element, Oie plaques. 

2. Although strong resemblances exist between the plaques 
and other histological elements of the blood, there is not yet 
sufficient evidence to establish a genetie connection. We are 
therefore obliged, for the present at least, to regard the plaques 
as independent elements. 

3. When the blood is drawn, the plaqnee break down almost 
immediately. This is not true of any other element of the blood. 

4. The breaking down of the plaques is intimately connected, 
in its time-relations at least, with the clotting of the blood. 

6. The connection between the breaking down of the plaques 
andthecoagulation of the blood is not histological, butchemical — 

e., the plaques appear to give up a soluble substance which is 
activq iiii eiiagulation. 

6. (The active agent in question is most probably ^6nn;/%men<. 
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7. Fibrin is deposited histologically independent of any of the 
oellnlar elements of the blood. 

8. When the clot is very scant, fibrin is deposited as long, 
needle^haped, crystal-like bodies. 

In conclusion, I would express my thanks to Prof. Martin for 
encouragement and valuable suggestions throughout my work, 
and also to Dr. J. B. Duggan, who kindly assisted me in photo- 
graphing the plaques, and to whose skill and experience in 
micro-photography I feel my success in this direction has largely 
been due. 
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DESOBIPTION OF PHOTOGBAPH. 

The photograph was taken from a specimen of dog’s blood pre- 
pared as follows : A cannula was introduced into the femoral artery 
and the blood allowed to stream foeely through. A coyer-slip was 
then held in a pair of forceps and touched to the stream of blood; 
without losing a moment a stream of .76 per cent. NaOl solution was 
diraoted obliquely against the slip, which was then instantly dropped 
into a watch-glass of 1 per cent, arsenic acid. After about twenty 
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nunutes it was taken out, washed and left all night in a 1 per cent, 
aqueous solution of Bismarck hrown. It was then washed in water 
and mounted in a saturated solution of potassium acetate. 

The photograph is of especial interest as being the first ever obtained* 
and showing at once the following points: 

1. The form of the plaques (circular and oval). 

%. Their hiconcatity (appearing as a light shade in the centre of 
the plaque). 

3. Their variation in size. 

4. Their tendency to adhere to each other and to the cover-slip 
within a few seconds. Their adherence to the cover-slip is shown 
by the red corpuscles in the field. These appear as circular discs 
with a bright centre and a halo around their periphery. This is due 
to their being out of focus, the objective being focussed on the 
plaques adhering to the slip, while the red corpuscles lie in the 
liquid between the slip and the slide. 

6. They are not fragments of disintegrated leucocytes, but are 
distinct histological elements. 

DESOEIPTION OP FIGURES, PLATE XIX. 

Fioube 1. — Drawn from an unstained specimen prepared as 
described for photograph. The lenses used were Zeiss homo- 
geneous immersion obj., oo. 4 (z = 1450), with Abbe condenser, a. 
Plaques seen full on face, slightly or not at all altered, o'. Plaques 
slightly altered in outline, showing the first changes toward breaking 
down, b. Plaque seen on edge. V, Plaque seen partly on edge 
and partly on surface, c, Group of three plaques, each seen in 
different position, d. Plaque fixed at one end and drawn out by 
currents. This is quite a common appearance. The large, round 
figure to the right is a red corpuscle ^awn to scale for comparison 
in size with the plaques. 

Fio. 2. — Group of plaques enclosing three red corpuscles. The 
plaques have now become granular and of irregular outline. This 
is the stage in which the plaques are most conunonly found when 
examined in .75 per cent. NaOl solution or Bizzozero’s fluid. Drawn 
with Zeiss homogen. im., oo. 2 (x = 790), with Abbe condenser. 

Pig. 3. — Same as Fig. 2, except that the plaques are more broken 
down, and further on the way to form a typical granular mass. - It 
will be observed that the plaques are not only jagged and granular, 
but they have begun to fuse together and lose their individual out- 
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line. The group includes a red corpuscle and a tetranuclear leuco- 
cyte. Lenses same as in Fig. 2. 

Fio. 4. — Typical granular mass. The plaques are so far fused 
together that, for the most part, their individual identity is lost. 
Lenses same as Figs. 2 and 3. 

Fig. S. — Typical granular mass with fibrin-threads radiating from 
it, and needle-shaped threads (crystalloids) deposited freely in the field. 

Fia. 6. — Drawn from specimen of scanty clot in diluted blood. 
Shows how fibrin is deposited freely in tbe field, as well as in con- 
nection with the granular masses. 

Fig. 7. — ^Thick formation of fibrin. Shows fibrin-threads branch- 
ing all over tbe field, enclosing granular masses, red corpuscles and 
a trinnclear leucocyte. Drawn from a specimen stained with methyl 
violet. 

Fig. 8. — Single plaques showing the “ bladder formation ” from 
the action of water. The grannies seen in the light part of the 
“ bladders are due to the method of preparing the plate. The dark 
part should be granular, as represented ; the light part should be 
perfectly homogeneous. 

Figs. 9 and 10. — Plaques which had come together and afterwards 
swollen up from the action of iodine solution (aqueous). The 
peculiar s^pe was likely produced by pressure on the cover-glass. 

Fig. 11. — Same as Figs. 9 and 10. Drawn particularly for com- 
parison with Fig. 13, q. v. 

Fig. 12. — Leucocyte with adherent plaques which have swollen 
up and formed “ bladders.” From a specimen stained with methyl 
violet. 

Fig. 13. — After LOwit. Lbwit gives the figure (especially e) to 
illustrate the extrusion of plaques from the body of leucocytes, 
and I reproduce his drawing to compare with Figs. 11 and 12. (See 
text.) 

Fig. 14. — Leucocytes, a, d, c [and p(?)], multinuclear leucocytes 
supposed by Bauschenbach and Hlava to break down during coagu- 
lation, while the uninuclear variety d do not break down. ' Notice 
the resemblance of the smaller nuclei m a, h,c and g to the plaques 
in Fig. 2. 




LIFE mSTOBY OF THALA8SEMA. By H. W. CONN, 
Instructor in Biology at Wesleyan UniTersity. With Plates 
XX, XXI, XXII and XXIIL 

The relation of Gephyreans to other groups of worms is a 
question which has undergone considerable discussion, and one in 
regard to which there has been much difference of opinion. 
Indeed it has been questioned whether they are worms at all ; 
not a few naturalists having regarded them as related to the 
Echinoderms. They have been looked upon as having affinities 
with the Turbellaritin worms and the Botifers. Within a few 
years, however, it has been recognized that they are to be classed 
with the Annelids. At least this is .true in regard to Q^hyrm 
^■eluding Echiurus, Thalassema and Bonellia. The 
relation of ^e adult, to the annelid has been for some time 
recognized, but it remained for Hatschek' to show that their 
development was entirely upon the annelid type. Our knowl- 
edge of the development of the group has been, however, rather 
meager, and is confined entirely t(f the later stages. Kowalevsky* 
indeed states that Thalassema has a regular segmentation and 
an invaginate gastrula, but beyond this nothing of the early 
stages is known. The observations on the early stages here to 
be described are supplementary to those already made and fill up 
a gap which existed in our knowledge of the embryology of the 
group. With these observations we have a nearly complete 
history of Thalassema and Echiurus from the first appearance 
of the ova and spermatozoa in the peritoneal lining of the body- 
cavity, to the adult individnaL 

The observations here embodied were made at the marine 
laboratory of the Johns Hopkins University, at Beaufort, being 
completed during the summer of 1884. The Thalassema found 
at Beaufort is an undesoribed species, to which I have given the 
name T. meU/Ua. It is of a dull red color, with a light yellow 

* 

> Hatschek. Ueber Bntwiok. Ycm Echiunui. Arb. a. d. Zool. Inst. Wien, III. 

*Kowalev^. Zeit. f. wiss. Zool. XXIIy p. 284. 
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pre-oral lobe. A fbll-grown adnlt reaches the length of one 
inch ezclnsire of the pre-oral lobe, 'which may be expanded 
aereral inches. The skin is nearly smooth, but near the anns is 
roughened by some minute wh^sh papillae. Eight light bands 
can be seen extending from one end of the body to the other, 
which are dne to local thickenings of the mnscles of the body- 
wall. This species has the peculiar habit of seizing empty sand- 
' dollar shells (mellita) and making its home in them. It enters 
the shell at the oral opening while yet very small, but once 
within its house it grows to its adnlt size, and is obliged there- 
fore to remain during the rest of its life a prisoner. One fact 
about this habitation, veiy convenient to the collector, is that 
each inhabited shell is marked in a peculiar manner. Directly 
over the animal is seen a reddish-brown horseshoe-shaped mark, 
which makes it very conspicuous and enabled one to select at a 
glance all inhabited shells. Occasionally I have found speci- 
mens in cavities in other shells, having found one or two 
individuals in artificial cavities in old corroded oyster-a^ells. As 
far as I am aware, however, the species always inhabits some 
such cavity, for I have never found any living free. 

Embryos may be obtained in quantities by artificial fertiliza- 
tion. The sexual pouches are filled during the whole summer 
with sexual products always in\i mature condition, and fertiliza- 
tion takes place without difiScnlty by simply mixing the ova and 
spermatozoa. My observations have been carried on chiefly 
upon living specimens. To make out certain features, however, 
stained specimens and sections were resorted to. Owing to the 
very minute size it was very difficult to manipulate the embryos, 
and my sections have therefore not been as satisfactory as I 
could wish. 

I . — Origin of Sexual Produota. 

The two sexes of Thalassema are separate, but 'with no 
external mark to distinguish them. A practised eye can, how- 
ever, distinguish one filled with ova from one filled . with 
spermatozoa, and can thus during the breeding season separate 
the sexes. The males and females living solitary, and with no 
power of locomotion, cannot unite, -and' the fertilization of the 
ova is therefore dne to chance. Ova and spermatozoa are dis- 
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diaiged into the water, and depend upon onrrents for their 
dietribution and consequent fertilization ; and wd consequently 
find both ova and spermatozoa present in great quantities. 
Upon opening an individual in the breeding season we find lying 
among the folds of the alimentary canal, four long white ponchhs 
attached to the body-wall just behind tlie ventral setae. In the 
present species of Thalassema there are two pairs of such 
pouches, and the same is true of T. harroniiy T. neptvmii^ T, 
gaUasii. In a species studied by Kowalevsky,* and in T. moebU 
three pairs are found. These pouches are receptacles for storing 
away the ripe ova and spermatozoa until they are to bo ejected 
from the body. They are, therefore, secondary sexual organs, 
but have no connection whatever with the true sexual organs 
which give rise to the ova and spermatozoa. 

The true sexual organs are found in the posterior part of 
the body near the anus, and are simply particularly difier- 
entiatcd parts of the general peritoneal lining of the body- 
cavity. Stretching through the body-cavity from the intestine 
to the body-wall in every direction are numerous muscular 
bands. One of these muscular bands, about one-eighth inch 
in front of the anus, extends from the intestine to the ven- 
tral nervous chord, and is considerably broader than any 
of the others. It is on the sides of this band and from the 
peritoneal cells which cover it that the sexual products are pro- 
duced. During the breeding season, which lasts for a number 
of months, this muscular band, which serves as ovary or testes, as- 
the case may be, is seen to be covered continually with a multi- 
tude of spherical cells, which are very abundant and very promiv 
n^nt. There is not very much difference in the appearance of.' 
ovary and testes, even to the microscope, but a careful study will 
show the distinct, though very minute ova (Fig. 47) which serve 
to distinguish the ovary from the testes (Fig. 44). Here then is 
where the ova and spermatozoa first appear as modified peritoneal 
cells ; always, however, very small and immature. In no case 
do they go through any great part of their development in this 
position. 

Upon examining a section of the ovary we find two different 
bodies clinging to the side eff the muscular band (Fig. 47). The 


> Eomlevsky. Z. f. sr. Z. XXII. 
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firot are the mdimeDtaiy ova coneisting of a clear body and a 
granular nucleus ; second, there are a large number of granular 
bodies deeply staining Trith.haematozylin, and bearing a very 
close resemblance to the nuclei of the ova, except that they are 
somewhat smaller, n. What may be their significance it is hard 
to say. We are hardly justified in concluding that they are the 
nuclei of such peritoneal cells as are not destined to become ova, 
although this seems the most ready explanation. All of the ova 
are very small, hardly larger than the individual peritoneal cells ; 
from which, however, they are readily distinguished by their 
clear round body and prominent nucleus. As soon, however, as 
the ova become so distinct that they can be distinguished as ova, 
they break away from the ovary in masses. A dozen or more 
minute ova, together with numerous nuclear bodies, lose their 
connection wj^h the muscular band, and cBnging together in 
clusters, become free in the body-cavity. The rest of the ^wth 
until maturity takes place while these clusters of germinal cells 
fioat freely in the body-cavity. A microscopic examination of 
the peri-visceral finid during the breeding season shows that the 
body-cavity is filled from one extremity to the other with these 
masses of ova in different stages of growth (Fig. 48). The ova 
of any one cluster are not in any one stage of growth, one or 
two quite large ones being always associated with many smaller 
ones. The ova now rapidly grow, and just before reaching full 
size each one becomes detached from the rest of the cluster 
with which it has been associated, and fioats around alone, until 
it reaches its full growth, when it is stowed away in one of the 
sexual pouches. 

The growth of the ovum is illustrated in Figs. 47-50. The 
body of the cell, consisting of clear protoplasm, enlarjges (Fig. 
48^'). The nucleus is, however, most changed. It increases 
much in size, and the granular contents which is originally 
present expands with its growth, until finally it is seen as a fine 
reticulum dispersed through the otherwise perfectly clear germ- 
inal vesicle (Fig. 50). The germinal spot hardly changes its 
appearance from the first, the only change being a slight increase 
in size. For some time the ovum remains clear as at fi^t, but ’ 
after reaching about half its full she it begins to store up food 
for the future embryo in the form of yolk-granules, and soon 
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becomes completely filled 'with them (Figs. 49 and 60). There 
now appears in connection with the formation of a vitelline 
membrane which is excreted from the egg, a veiy remarkable 
structure which I am at a loss to understand. I have endeavored 
to represent it in Fig. 49, a highly magnified section of a portion 
of the ovum near its surface. The appearance was in hardened 
specimens that of a dense covering of cilia. Indeed, Gosmovici^ 
describes the ovum of Fhascolosoma as ciliated, and it is quite 
probable that what he saw was the same as here figured. When 
the eggs are examined alive, however, it is seen that it is really 
not cilia, for there is not the slightest movement to be seen, but 
the whole vitelline membrane is covered with great numbers of 
exceedingly fine processes. What may be the significance of 
this peculiar structure it is difficult to say. It is not seen in the 
young ova, nor in the masses of ova fully developed and stored in 
the sexual pouches. A suggestion as to its function which ap- 
pears quite probable will appear farther on. After the develop- 
ment of this striated layer, the ovum soon finds its way into the 
sexual pouches, and is here stored for some time. We thus see 
that in the female Thalassema single cells of the peritoneal lining 
of the body-cavity take on the function of ova, and each cell 
grows into one e^ and no more. 

With the male sexual product the development is somewhat 
difierent. Here too the peritoneal cells are the sexual cells, and 
here too the muscular band extending from the intestine to the 
ventral chord serves as the place of origin of the sexual products 
(Fig. 44). The peritoneal cells become quite large and perfectly 
spherical, and lie in thick masses on the sides of the muscular 
band. .They also soon break away from their place of origin 
and complete their development, fioating freely in the body- 
cavity. Each orthe germinal cells, however, proves to be the 
mother of a number of spermatozoa. The first indication of this 
is the appearance of small grannies 'within the cell (Fig. 45), 
which are the bodies of the future spermatozoa. They grow 
more and more distinct, and finally each body develops a tail 
and the spermatozoon is complete. They still cling together in a 
curious fashion. The original cluster of a dozen or so germinal 
cells evidently gives rise to a great many individual spermatozoa, 

‘An. and Ibg. Nat. Hirt., Ser. Y, Vol. IV, p. 96. 
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but the whole of them cling together hy their heads (Fig. 46), 
even after they are fully formed and the individual mother-cells 
can no longer be distinguished. With the movements of the 
tails they are driven hither and thither, and are found in all 
parts of the body from pre-oral lobe to the anus, but always per- 
sistently clinging together. Finally, just before entering the 
sexual pouches, they are arranged into irr^ular hollow spheres 
with their tails pointing outward. When once within these 
pouches, however, they immediately break up and the spermato- 
zoa are afterwards entirely separate. 

The most interesting point connected with the developmetat of 
ova and spermatozoa is the exceedingly simple method of their 
growth. From the time when the ovum separates from the place 
of its origin it has no further vital connection with the adult, 
but grows through the rest of its development as an independent 
organism. It grows many times its original bulk (compare Fig. 
47oi>' with Fig. 50), and all of this nutritive material must be ob- 
tained from the peri-visceral blood. We see in this point evidence 
that the peri-visceral fluid is highly important in the circulation of 
nutriment ; and we see further, that each ovum is an independent 
organism from the very first. From the time when they break 
away from the ovary, the ova have no vital connection with the 
mother, yet they aite able to pick up large quantities of food 
from the fluid in which they float, and stow it away in the form 
of granules. They develop a largft germinal vesicle with a germi- 
nal spot, and finally secrete the vitelline membrane and the above- 
mentioned striated layer. W e thus see that even when they break 
away from their place of origin, although very immature, they 
are yet capable of independent existence under favorable circum- 
stances. They are in fact even now independent in^vidnals. 

Having completed their development in the body-cavity, the 
ova and spermatozoa are finally collected in the sexual pouches. 
In regard to these pouches there has been in the history of 
Gephyrea a considerable difference of opinion. They have been 
considered generative sacs,^ testes,’ and again are called uteri.* 
Quatrefages showed tiiem to be temporary reservoirs for the 

’ Forbes and Goodsir, he. eit. 

'Qoatxetages. An. d. Soi. ITat., Ser. Ill, t. vii. 

' Laosze-Dnthieis. An. d. SoL^Nat., Ser. in, t. X. 
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Bexnal products. SpengeP and Greeff* have tried to show that 
they are homolognes of segmental organs, a homology which is 
probably a correct one. 

Each of these pouches is a somewhat muscular, very extensible 
sac, varying greatly in its appearance at difierent seasons of the 
year, being in the summer distended with the sexual products, 
and in the winter empty. Their walls are composed of two 
layers of muscles lined by epithelial, and covered on the outside 
by the general peritoneal lining of the body-cavity (Fig. 61). 
Each sac has two openings, one through the muscles of the body- 
wall to the exterior e. o., and the other into tlie body-cavity. 
The latter opening is by means of a long tube which is guarded 
above by a process of the sac (Fig. 51, u. 1.), and below by a process 
from the body- wall, 1. 1. The whole forms a little cup-like structure 
at the base of the large sac. It is through this opening that the 
sexual products find their way from the body-cavity into the 
pouches. The canal is lined with cilia (Fig. 51), wUch, in an 
almost intelligent manner, pick up the ova and spermatozoa, 
separating them completely from the numerous blood corpuscles 
and driving them into the sacs. I was for a long time puzzled to 
'imagine how this selection could take place since the spermatozoa 
are smaller and the ova larger than the blood corpn^les, but 
after making out the development of the ova and spermatozoa 
an explanation suggested itself. It is evident in the first place 
that no current of the blood ^n be created by the cilia entering 
the sexual sacs, since they are closed at their inner extremities. 
They are like distended india-rubber sacs in which no more fiuid 
can be forced. But the cilia might be able to pick up solid 
particles and force them in. Now we have seen that when the 
ovum gets ready to enter this pouch it is covered by a peculiar 
fbzzy layer, and this layer would evidently enable the cilia in 
the tube (Fig. 51) to obtain firm enough hold of it to force it 
into the pouch. The spermatozoa, we have also seen, when fully 
grown, also are arranged together in masses with the long tails 
projecting outward, and these tails would serve the same func- 
tion as the covering of the ovum. On tlie other hand, the blood 
corpuscle is much smaller than the ovum or the mass of 

’lOtt. a. d. Zool. Sta. in Neaples, Bd. L 

* Gieeff. Sits. d. Gea. z. BeL d. Ges. Natnnr. zu Marburg, 1879, No. 4. 
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Bpermatozoa, and is moreover smooth. It cannot therefore be 
seized directly by the cilia ; and since no current can be estab* 
lished flowing inward, there is nothing to drive the coipnsole 
into the sac. Of the various ’bodies which reach the mouth of 
the tube, the large ones, which are covered with numerous pro- 
jecting processes, can be grasped by the cilia ; while the rejection 
of the smaller blood corpuscles is not intelligent, but simply a 
mechanical impossibility of their being seized: certainly. this is 
a very pretty contrivance. 

When once within the sexual sac the ova and spermatozoa do 
not immediately pass out of the external opening, as seems to be 
the case in Echiurus, but they remain here in a dormant con- 
dition for a long time. All four of the sexual pouches are 
frequently found distended with ova, which are crowded very 
compactly together. Knowing what we do of the moderately 
slow development of the ova, it is evident that it must have taken 
a long time — iweeks, and perhaps months — ^to have brought to 
maturity the thousands of ova which are thus collected together. 
Indeq^, during the whole time of my experiments from June 
until September, it was a very rare thing to And an individual 
without its sexual pouches distended with ova or spermatozoa ; 
and they are always, of course, mature, the ova capable of 
immediate fertilization, and the spermatozoa always ready to 
fertilize the egg. It is rather surprising that they should retain 
their vitality for so long a time, all the time mature and ready 
to develop immediately upon being*brought in contact with each 
other ; but it is certainly the case. 

I have never seen the dischaige of the ova from the animal, 
and do not know how it is accomplished, except that they must 
be ejected through the external opening (Fig. 51) witl# which 
each pouch communicates with the exterior. Nor am I able to 
say with certainty that the sexual pouches discharge, all of their 
contents at once. I have kept the animals in aquaria for 
a long time and they have not discharged a single ovum. From 
the fact that in almost every case the pouches are during the 
summer filled with ova, and from the fact that the ova are 
always mature, I come to the conclusion that as the ova and 
spermatozoa reach maturity they are stowed away and remain in 
the pouches until they are fill^, when the entire contents are 
disdiaiged at once. 
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II . — Pdar Gldbdea and SegmeniaiMn. 

The ovum of Thelassema is very small, being no more than 
of im inch in diameter. When first removed from the 
genital poaches, where they have been stored for a long time, 
they present the appearance of Fig. 1. Being crowded closely 
together in the poaches, they are never spherical, being more or 
less indented by the sorronnding ova. In snrface view very 
little can be seen, owing to the maltitndes of yolk-globnles with 
which each ovnm is crowded. A light spot in the center indi- 
cates the position of the nnclens or germinal vesicle, A section 
of the ovnm, however, shows its strnctare moro completely. 
Such sections show the ovnm to have a very thin vitelline mem- 
brane closely applied to the egg proper (Fig. 50). In the center 
of the egg is the large nnclens and an enclosed nncleolns. The 
nnclens is filled by a fine protoplasmic network, and is bonnded 
by a very distinct and qnite resisting membrane. This nnclear 
membrane of the unfertilized egg is a very prominent stmctnre, 
as is shown both by section and by its behavior under compres- 
sion ; a marked contrast to the segmentation nnclens, which is 
the result of fertilization, and is devoid of any membrane. 

The only point of any particnlar interest in regard to this 
ovnm is its compressed shape, and the fact that under the infin- 
ence of sea-water alone it will assume a spherical form. 
The eggs are heavier than water and soon sink. If left now 
without fertilization, nothing farther will happen to them except 
decomposition. 

Quite different is the history of the egg if it be fertilized. 
Within one minute and a half after the entrance of a sperma- 
tozoon inft> the egg a complete change takes place. I have 
found it impossible, on account of the opacity of the ovum, to 
follow very minutely the changes accompanying fertilization, 
but the points it was possible to make out were as follows: 
linmediately upon the entrance of the spermatozoon into the ^g 
it exercises some remarkable infiuence upon it. ‘ Fertilization 
proper does not take place, as we shall see, until some half an 
hour later, but the entrance of the spermatozoon calls into 
activity powers which were lying dormant hitherto. As soon 
as the first spermatozoon enters the the ef^ begins to swell 
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rapidlj, and in about two minutes it has become porfectlj 
spherical. This can be considered due to the absorption of 
water, since the solid contents cannot of course increase. What 
becomes of the spermatozoon I have found it impossible to make 
out, but judging from what happens in other cases which have 
been studied, it is probable that it remains entirely inactive 
during the changes which now follow. The germinal vesicle 
now disappears entirely, as far at least as external appearances 
go. A careful study indicates, partially at least, to what this 
disappearance is due. Previously, as shown, it consists of a 
large, approximately spherical vesicle with a definite membrane, 
and containing a clear substance, and entirely devoid of yolk- 
spherules (Fig. 50). iN'ow, under the infiuence of the active 
changes, the vesicular membrane entirely disappears, becoming 
absorbed, and, as a consequence, the yolk-globules migrate into 
the space previously occupied by the vesicle. As soon as this 
occurs all indication of the germinal vesicle disappears, and the 
egg appears as an opaque sphere. 

Meantime a second noteworthy change has taken place. In 
the unfertilized ^g the vitelline membrane is very closely 
applied to the egg contents, so closely in fact that it can be dis- 
tinguished only in section; but in the course of about five 
minutes after the entrance of the spermatozoon the egg appears 
to contract slightly, and to shrink away from the vitelline mem- 
brane. The result is that there appears quite a noticeable 
space between the egg and the membrane, a space seemingly 
filled with a perfectly transparent liquid of some sort. This 
drawing away of the egg from the membrane is usually ex- 
plained as a contrivance to prevent the entrance of other 
spermatozoa, and it would certainly have this efiect if it occurred 
at the proper time. But in this instance it hardly seems pos- 
sible that such can be its function. In the first place it does not 
occur until five minutes after the entrance of the spermatozoon, 
and there is in the meantime ample chance for other sperma- 
tozoa to make entrance ; and secondly, in all the cases of artificial 
impregnation which have come under my observation there 
were hundreds of spermatozoa clinging to the egg long before 
this, defensive change took place. All of these cases, as well as 
a few in which ohly a single spermatozoon was allowed to come 
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in contact with the egg, develop in a perfectly normal manner, 
and as far as can be made out from external appearances tiiere 
is no difference in the snbseqnent histoiy. It would seem prob- 
able therefore either that one or more spermatozoa can enter the 
egg with no difference in the result, or, more probable, that there 
is some other mechanism to prevent the entrance of numerous 
spermatozoa. It is quite interesting to observe that at first the 
ovum has great attractive power for the spermatozoa, and all 
within a considerable distance are surely drawn in contact with it ; 
but after the spermatozoon has effected its entrance, this attraction 
seems to diminish, and finally by the time that the segmentation 
begins, which is just after the fertilization proper takes place, 
the attraction has gone altogether, and the ovum, as far as con- 
cerns the active spermatozoon swimming around, is no more than 
a piece of inert matter. This peculiar power is certainly a highly 
remarkable one, for which no explanation, can be given. As an 
experiment I mixed together the ova of Serpnla and the sperma- 
tozoa of Thalassema. Serpnla is an animal which agrees very 
closely with Thalassema in its development, but, as was of 
course expected, its e^ had not the slightest effect on the sper- 
matozoa of Thalassema, while any Serpnla spermatozoa which 
might chance to be present were seized upon with the greatest 
avidity. It is certainly calculated to excite great interest and 
amazement to think of the thousands of kinds of spermatozoa 
and eggs floating around in our waters, each one surely searching 
out its own proper mate and no other. 

After the germinal vesicle has disappeared and the vitelline 
membrane has become distinct, there follows a rest of about 
fifteen minutes’ duration. During this period nothing can be 
seen in the egg except occasionally the nucleus, which appears 
to change its position from time to time and usually approaches 
tile surface of the egg. The first indication of any active changes 
is a quite remarkable swelling of the. vitelline membrane at one 
point, which soon proves to be the position of the polar globules. 
The appearance of the egg at this time is given in Fig. 2. It 
would seem almost as if the '(dtelline membrane were endowed 
with some vital properties of its own, for, as the figure shows, this 
great protuberance appears before any signs of the polar globule 
are seen. Moreover, if the space between the egg and the mem- 
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brane be filled with liquid, any pressure would be equally difibsed 
in all directions, and could not be so concentrated on one spot as 
to produce this protuberance. Further, as shown in Fig. 6, the 
vitelline membrane seems to share in the periods of rest and 
activity which the egg goes through. Fig. 5 representing a resting 
stage. Finally the vitelline membrane becomes the cuticle of 
the larva. It is not impossible therefore that it may be more 
than a simple dead covering to the egg ; otherwise it is impossible 
to explain the various changes df shape it goes through. At all 
events, these peculiar movements of the membrane, which is 
entirely separate from the egg proper, are very, puzzling. 

Almost immediately after the above movement of the vitellme 
membrane there appears directly beneath it (Fig. 3) a small mass of 
perfectly clear, transparent protoplasm, which protrudes itself 
more and more into the space. As it increases the above-men- 
tioned protuberance becomes more and more prominent, and 
finally when the polar globule is pushed off as a separate globule, 
it appears as a very large bunch (Fig. 4) upon one side of the 
egg, which has in the meantime become flattened. 

After the globule is fully formed the egg appears to enter into 
a resting stage. The elevation of the vitelline membrane flattens 
down, the polar globule itself becomes quite flat, and the large 
space between ^e membrane and the egg almost disappears, and 
the egg once more becomes nearly spherical (Fig. 5). Everything 
indicates 'that this period has a significance similar to that of the 
well-known resting stages of segmenting ova. It occurs between 
two marked periods of activity, and is itself of about ten minutes’ 
duration, a time during which not the slightest movements can 
be seen. It is finally closed by a second activity, which is nearly 
a repetition of the first. Once more the vitelline membrane is 
elevated into a prominent protuberance, and a second polar cell 
exactly like the first makes its appearance, pushing the first one 
as it grows further from the egg into the clear space between it 
and the vitelline membrane. 'As soon as the second polar cell is 
fqrmdd tiie first one divides (Fig. 8). So far as I could discover, 
this division of the first polar globule is the invariable accom- 
paniment of normally developing ova. Up to this time the 
tot polar cell has remained on top of the second one, but now it 
loses this position and comes to lie beside it. All three of the 
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polar globules are now more or less flattened; the vitelline mem- 
brane once more approaches the egg, and a second resting period 
ensues, during which, as shown in Fig. 9, we have the egg proper 
separated by a narrow space from the vitelline membrane, and 
in the space the three flattened polar globules. 

- What is this clear space) I have endeavored to decide this 
question, but have come to no deflnite conclusion; At ^rst I 
was inclined to think it fllled with a clear liquid, perhaps sea- 
water, which was squeezed out of the egg.* But two facts seem 
to show that this cannot be the case. In the flrst place the 
polar globules, which sometimes become entirely free from the 
egg, do not float around in the space, as would be expected if it 
contained a liquid, and secondly the clear substance shows a 
certmn amount of deflnite structure. If the egg be examined 
under a high power, there can be seen extending from the egg 
toward the membrane very fine radiating lines, as in Fig. 13. 
They extend all around the circumference of the egg, and seem 
to indicate that this clear space is filled by something besides 
liquid. But, on the other hand, I found that its contents, what- ' 
ever it may be, do not stain with coloring reagents. I came to 
the conclusion that the most probable interpretation was to 
consider it as being of a jelly-like consistency. 

No sooner has the second polar globule become complete than 
there appears at the center of the egg a very large aster. This 
aster is plainly seen in spite of the many yolk-spherules, and its 
rays extend nearly to the circumference of the egg. Its interpre- 
tation is not difficult, although its formation cannot be studied. 
It is the union of the male and female pronuclens ; i. e. the real 
fertilization of the ovum. The spermatozoon has remained in 
the ovum without making its presence visible, waiting for the 
final maturation; and now, after the germinal vesicle has cast 
out its superfluous part as polar vesicles, it is ready for union 
with the male element, and the union is indicated by the 
prominent aster. The preliminary changes and fertilization are 
now complete: the second resting period now occuriing (Fig. 9) 
is of somewhat longer duration than the first, and somewhat 
longer than any of the subsequent ones, lasting usually about 
twenty minutes. 

I Hoffman. Zool. Anz. 1880, 
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The development of the embryo proper now begins. It is 
noticed that the ^ haa become somewhat elongated in the 
direction transverse to the axis passing through the pole cells. 
On each half is now seen a nucleus surrounded by radiating 
lines and at first connected by an amphiaster, and this is immedi* 
ately followed by the first segmentation (Fig. 10). The segmen- 
tation ^at follows needs no description. In the segmentation of 
the norma] Thalassema egg it is perfectly regular and complete 
(Figs. 10-12). The divisions are into 2-4-^16 segments, after 
which it becomes impossible to mahe out any regularity. Op to 
the division into eight segments the cells lie in their regular posi- 
tion (Fig. 11), but now they move upon each other and no longer 
lie in definite rows (Fig. 12). This, coupled with the fact that 
the cells are all alike, renders further observations more difficult. 
Each segmentation is followed by a resting stage, in which the 
segments appear less distinct, and the egg appears almost as if 
unsegmented (Fig. 14). It is just possible in all cases to make 
out the boundaries of the cells very indistinctly, as Fig. 2 shows. 
A new segmentation is always inaugurated by a swelling of 
the segments, by which they become once more distinct, and this 
is immediately followed by division. Again appears a resting 
stage, and again a period of activity. Thalassema thus presents 
no anomaly in^is respect, but simply adds one to the list of 
^^s which segment with these alternating periods of rest and 
activity — a list which bids fair to be found universal. 

In a more general way there are a number of quite interesting 
points in connection with the development of the egg thus far. 
First, in regard to the relation of the polar cells to the entrance 
of the spermatozoon. As is indicated above, there is a direct 
connection between the two in the case of Thalassema. The ova 
remain in the mother in a mature condition, but entirely dormant. 
They may be put into sea- water and left there until they go to 
pieces, but stiU no indication of any life in them. But as soon 
as the first spermatozoon enters the egg they are immediately 
roused from their dormant condition and begin to go through 
rapid changes, which result in the throwing off of the polar 
globule. There can be no doubt Hien that the protrusion of the 
polar globules is in some way infiuenced by the entrance of the 
spermatozoon. 
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It is pretty generally acknowledged now-ardays that the polar 
globules are thrown off entirely independent of fertilization, 
since the impregnation may take place either before or afber or 
during the process of their formation.^ ' Balfour even goes so far 
as to say “there is no evidence to show that the process is 
influenced by the contact of the male element” In his Elasmo- 
branch Fishes he says that in order to show that the two pro- 
cesses are in any way connected it will be necessary to bring 
forward instances where the polar globules are not thrown off 
unless the egg is fertilized. One or two such instances have 
now been found. It is true of two species of oyster.* It appears 
also, according to Hoffman, to sometimes be the case in certain 
bony Ashes (loo. cit.) In the present case we have anotlier 
well-marked instance of the same, in which the polar globules 
are never thrown off before the spermatozoon enters the egg. 
It is therefore incorrect to say that the process is always unin- 
fluenced by the male element." 

But even in these cases there is no reason for thinking that 
the polar cells have anything to do with fertilization. Fertiliza- 
tion does not occur for some considerable time after the entrance 
of the spermatozoa ; not until after the polar cells are entirely 
extruded, as we have seen. What really occurs is this. . The 
ovum is, when put in the water, in a completely dormant condi- 
tion; perfectly capable of maturing itself if the appropriate 
stimulus be supplied, but not capable of itself to go through any 
changes. .It may be roughly compared to a muscle which unless 
stimulated will die without any contraction, but has never- 
theless the power for considerable work. In the egg this 
stimulus is supplied by the entrance of the spermatozoon, which 
rouses the egg from its inactivity. The changes which take 
place, however, have really nothing to do with the spermatozoon, 
which simply remains in the egg, without uniting with it, until 
all the preliminary changes have passed. Then occurs the proper 
fertilization, and from this time the activity is the result of both 
male and female elements. The extrusion of the polar cells is 
therefore just as truly the Saturation of the ^g as in those 
cases where it occurs entirely independent of the male element. 

* Hertwig. Mbrphologiaehes Jahrbnoh, I-IV. 

*S7deT. Emb. of OsBeouB Fishes, 1884. 

*See Hyatt on Cellular Ttoues. Proo. of Boston Soc. XXIII. 
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It has for a long time been nndentood, pointed out first bj 
Hertwig,^ that the protrusion of the polar globules is a process 
in certain respects homologous with segmentation, that the 
polar globules hare the value of cells and arise by a process of 
cell-division. The internal changes accompanying their forma- 
tion are almost the same as those of segmentation ; the amphi- 
astem accompanying division of nuclei are seen and each pole- 
cell'is supplied with its own nucleus. The two processes ^ffer 
chiefiy in the fact that one of the resulting segments is smaller 
than the other. Moreover, as is shown in the present instance, 
the polar cells are capable of still further development; slight, of 
course, but still positive. In Thalassema, one of the cells divides 
into two. In certain insects, a body which is considered by 
Weismann*to be a polar globule is capable of still further divi- 
sion, giving rise to as many as a dozen s^ments.* Everything 
indicates that the polar globule is a cell. This conclusion is of 
some considerable importance when we come to consider the 
significance of these bodies, and seems to tell quite strongly 
against that class of theories which considers them as simple 
excretions of the egg. It seems also to me to be an argument 
against the view of Balfour and Minot which finds in the polar 
globules the male portion of the egg cell. 

In Thalassema I have found another peculiarity which, taken 
in connection with the reasons already given, may be considered 
to form an aigument for considering the protrusion of the polar 
globules and segmentation as homologous processes. As men- 
tioned above, segmenting ^gs present almost universally rhyth- 
mically alternating periods of activity and rest; a fact which, in 
consideration of its wide occurrence, must have considerable mean- 
ing in egg physiology. From the description given above it will 
be seen that Thalassema presents precisely similar alternating 
periods in its process of polar globule formation. The first 
period of activity is followed by a marked period of rest, this 
again by a second period of activity and a second rest. In every 
re(q>eet do these resting periods seem similar to those of the 

‘ Loo. eiU 

* Weismanu. Beitrage sur EenntniBS der erston Bntwloklungs-Vorgftnge io 

Inseoten, VI. f 

* Whether these bodies be polar cells is at least donbtful, and their diyiaiaD 

may be nothing more than degeneration. . 
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s^menting egg. The polar cells fatten down and become 
indistinct precisely as do the segments of the e^, and each new 
active period is inaugurated by these swelling out once more in 
distinctness. 

Having noticed this rhythm so mark'ed in every instance, it 
occurred to me to inquire if by careful study it coiild be any 
more closely compared with that of the segmenting ovum. For 
this purpose 1 studied closely a large number of eggs, noting 
carefully the times of the various changes, following in each case 
a single egg through its history till the time of 16 segments. 
The resting periods in the table below are as follows: 1st. 
Between the protrusion of the first polar globule and second. 
2d. Between second polar globule and the first segmentation. 
3d. Between the first segmentation and the second, and so on. 
The table gives the result of only a few of the observatipns upon 


this point; many others 

were 

made, but they agreed almost 

exactly with these. 



*. 

s. 

4 . 

Duration of 1st resting stage, 10 min. 

10 

11 

10 

« « 2d “ 

(( 

16 

18 

22 

18 

« « 3d “ 

(t 

18 

20 

18 

17 

« “ 4th « 

(C 

18 

16 

• • • 

16 

“ « 6th « 

a 

17 

19 

17 

17 


1 have not thought it necessary here to give the duration of 
the active periods, since they are all so brief and so near alike as' 
to make it next to impossible to distinguish them. It will be 
seen that the duration of the first resting stage is quite different 
from that of the others. Each period varies to a considerable 
extent in different e^, and the different periods vary also in 
the same egg ; but the resting periods of the segmenting egg do 
not differ among themselves as much as they differ from the first 
resting stage. This was in every case either 10 or 11 minutes, 
while the 3d, 4th and 5th, etc., varied only slightly either side 
of 18 minutes. The second period — viz. that between the pro- 
trusion of the polar cells and the segmentation during which we 
have seen the true fertilization of the egg takes place — has a wider 
variation than any of the rest, varying from 16 to 22 minutes. 
This table then teaches us that the rhythm of rest and activity 
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does not begin with the segmentation, but makes its appearance 
with the earliest activity of the egg, althongh there is something 
of a break jnst before segmentation b^ns ; and we are justified 
in drawing the conclusion that the physiological processes 
governing the protrusion of the polar cells is in part the same 
as that governing segmentation. In itself, of course, this is not 
enough to indicate that it is a process of cell-division, or in any 
sense homologous with segmentation ; but taken with the other 
evidence which we have, it is certainly an additional argument. 
In saying that it is homologous with segmentation, it is, of course, 
not meant that it is the beginning of the formation of the embryo, 
but simply that it is just as truly a process of cell-division, and 
not to be considered as a process of excretion. 

It may be worth while finally to call attention to the fact that 
the polar cells are extruded into the space between the egg and 
the vitelline membrane, and not, as is frequently the case, 
extruded through that membrane. 

It is an interesting and somewhat surprising fact to discover 
that the segmentation of the ovum in Thalassema is a perfectly 
regular and total segmentation. Little doubt remains that the 
Echiuridae are highly modified annelids. The development of 
Echiurus as given by Hatschek^ is certainly the development of 
an annelid larva ; the earlier stages, moreover, as will appear in 
this paper, agree so closely with that of the primitive annelid 
Serpula as to leave scarcely room to doubt that they are 
modified annelids. Now, as is well known, all annelids which 
have been described, with possibly two exceptions, have a seg- 
mentation which is more or less irregular — usually, in fact, very 
irr^ular. The two exceptions are Serpula* and Terebellides.* 
That Thalassema and Serpula should have, contrary to the rule, 
a regular segmentation is a fact that requires a little consideiv 
ation, and, if possible, an explanation. 

It is well established that the presence of a large amount of 
food-yolk usually leads to an irregular and incomplete segmen- 
tation. The food collects at one pole of the egg, and mechani- 

‘ Hatschek. Uaber liatwiok. von Echiurus. Arb. a. d. Zool. Inst. Wien, in, 
1880. 

* Stosdch. Beifa^ige zur Ent. d. Ghaetopoden. Sits. d. E. E. Akad. Wias. 
Wien, B. liXXVI, 1878. This fact I have also myself confirmed. 

* Willemoes Suhm. Zeit. f. mss. ZooL XXI, 1871. 
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cally interfereB with the divisions which concern the protoplasm 
only ; the protoplasm is at the same time mostly collected at the 
opposite pole, and as a result this pole segments rapidly, while 
the pole with the food-yolk segments only very slowly. Bnt all 
this is not necessary, even in the presence of considerable food- 
yolk. In the present instance we have an egg with a large 
amount of food-yolk, nearly, if not quite, as much as is found in 
many annelids with irregular segmentation; bnt there is a 
difference in this point, that in Tbalassema the food-yolk is uni- 
formly distributed through the egg, and is not accumulated at 
one pole. Uniformly distributed food-yolk, even though it be 
abundant, cannot interfere with the segmentation. 1 would 
now suggest that a partial explanation for this peculiarity of 
Thalassema may be found in the circumstances under which the 
egg goes through its early development. Its eggs are of nearly 
tlie same specific gravity as the sca-wator, and it is in this 
medium that they undergo all of their development. When 
ripe they are cast into the water, are there fertilized, and there do 
they develop, floating freely all the while. Now we certainly 
should expect that under these circumstances the relation of the 
food-yolk would be different from those cases where the egg is. 
comparatively stationary. Evidently, if an egg is placed in a 
medium of about its own specific gravity, and if it be floating - 
freely in this medium, the force of gravitation will be almost- 
entirely absent, and there would bo nothing to cause the food- 
yolk, if it be present, to collect at either pole of the egg;; 
gravity would act in no particular direction, and the tendency 
would be for the yolk to become uniformly distributed through* 
the egg, and there would consequently result a regular segmen- 
tation. On the other hand, when eggs are deposited in special 
stationary capsules, where they pass their early development in 
the body of the mother, or where they are placed in any way 
under circumstances where gravity can have its full influence, 
we should expect that the food-yolk, being either lighter or 
heavier than the protoplasm, would collect at one pole and thus 
lead to an irr^ular segmentation. The rule among annelids is 
that the eggs are laid in stationary capsules, and here gravity 
exerting its influence, has induced an irregular segmentation. 
This suggestion, which occurred to me some three years ago, has 
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lately received some interesting confirmation from the experi- 
ments of Pfiiiger.' The results of these experiments were in brief 
to show that the direction of the action of gravity has very 
great influence upon the segmentation of the egg of the frog, 
the character of the segmentation being entirely changed when 
the e^^ were so turned that the ordinary perpendicular axis of 
the egg was inclined. The publication of these experiments con- 
vinced me more strongly than ever that there is some connection 
between the condition under which the early development of 
eggs is passed, and their kind of segmentation. 

Does 'embryology give ns any reasons for thinking that this 
really represents a fact 1 If it were true, we should expect to 
find freely-floating eggs with a regular segmentation, and eggs 
in any way rendered stationary, or protected in their early 
development, with an irregular segmentation ; but this is far too 
general to give much hope of finding it true. If it be admitted 
that a regular segmentation is more primitive and preceded an 
irregular one, we should with reason expect to find that eggs 
which float freely in the water had retained this regular seg- 
mentation,. not having had the opportunity to acquire an 
irr^ular one. We might not expect that in every case where the 
egg had become stationary there would be an accumulation of 
food-yolk enough to produce an irregular segmentation ; but we 
should expect that those eggs which have acquired an irregular 
segmentation would belong to the class of protected ova, or be 
descended from such a class. • And, further, we must not be 
surprised if«ome seeming exceptions occur. 

If now, bearing these points in mind, we take a brief survey 
of the segmentation in various animals, we shall find that the 
facts are quite in accordance with the view. In the first place, 
ani mals which lay their eggs in protected positions nearly always 
have some irregularily in their segmentation. Annelids, as 
already mentioned, have an egg which passes through a mark- 
edly irr^ular segmentation, leading to the formation of an 
epibolic gastrula; at the same time they almost always agree in 
depositing their ova in special capsules, or in canying them 
about during the early stages of development, or in some way 
protecting them. Serpula, Terebellides, Thalassema and Sabel- 

* Pfluger’s Archive, 1888. 
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laria are the only exceptions to the irregular segmentation of 
which I am at present aware, and it is certainly a very inter- 
esting fact to find that Serpnla, Thalassema and Sabellaria oast 
their ova into the water for development ; and to make this fact 
of still more importance, it is known that in the case of Serpula 
and Thalassema (the other forms have not yet been studied) 
there is the best of evidence that the entire development preserves 
very closely the primitive type. In the annelids then the primi- 
tive history is that exemplified by Serpnla, which has a regular 
segmentation and an invaginate gastrula. In instances where 
the eggs are still cast into the water, and where the larva must 
take care of itself, this primitive form has been retained. In 
most cases, however, the annelids have acquired the habit of 
protecting their eggs in some way; the eggs, becoming stationary, 
are acted on by gravity, and tho food-yolk under its influence 
has aggregated at one pole of the egg, giving rise to the irregular 
segmentation. 

Folyzoa, Hirudinea, Tracheata, Crnstacea are groups of animals 
which as a rule possess an irregular segmentation, and in none of 
these cases, with a very few exceptions, do we find freely floating 
ova. The Platyelminthes are not well enough understood to 
give very valuable evidence, but it may be pointed out that 
Turbellarians and Trematodes have an irregular segmentation 
and a protected egg, while Nemertians have a regular segment- 
ation and a freely floating egg. The vertebrates also come 
under the rule. In the one vertebrate which all observers agree 
has tlfe most primitive history (Amphioxns), the segmentation is 
regular and the eggs are ejected into tho water. In other verte- 
brates it is very rare to find a floating ovum, and it hardly need 
be said that it is also rare to find a r^ular segmentation. Some 
bony fishes cast their ova into the water and at the same time 
have an incomplete segmentation ; but this is so unquestionably 
a very recent modification that the exception is of no weight. 
In Platyelminthes, Folyzoa, Annelids, Discophora, Tracheata, 
Crustacea and Yertebrates (for moAusks see below) we have 
instances where an irregular segmentation is accompanied by a 
protected ovum. . 

On the other hand we find the large group of Echinoderms 
which eject their ova into the water for development and have 
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(with ono single exception, Echinaster Saraii) a regular and total 
segmentation. The Chaetognaths have the same. The Coelen- 
terata, if wo leave out the Otenophora — which seem to be excep- 
tions, although their early development is still very incompletely 
understood — conform quite well to the rule. It is certainly the 
rule here that a regular segmentation is accompanied by a free 
ovum. This is true of Actinozoa, Alcyonaria and many Hydro- 
zoa. Some Hydrozoa have their ova in stationary gonaphores and 
still retain an approximately regular segmentation, though very 
frequently at least not strictly so, as may be easily seen by study 
of living specimens. Indeed, so great is this irregularity in 
Tubularia that Oiamucian^ described it as an epibolic gastrula, 
and, although later results* have shown this to be an error, yet 
the irregularity is evident enough. On the whole, then, the 
Ooelenterata, although they present greater difficulties than other 
groups, conform quite well to the rule. 

The most interesting examples are presented by the Mollusca, 
for we here get some evidence that not only may eggs acquire an 
insular segmentation by becoming stationary, but the subsequent 
assumption of free ova may gradually eliminate this. At first 
sight mollusks seem to present difficulties, but they are diffi- 
culties which in reality give us the most positive evidence. As 
a rule mollusks" deposit their ova in cocoons, in jelly-like 
masses, under stones, or in some way protected, and partially 
stationary, and with this habit, as we would expect, is found an 
ii’regnlar segmentation. But &mong the Lamellibranchs are 
found instances where the ova are freely fioating, atad at 
the same time we find an irregular, segmentation. The best 
understood instance of this kind is the American oyster. How, 
this is a case where the habit of ejecting the ova into the water 
is a lately acquired one. Modern investigations* indicate that 
the Gasteropoda are the more primitive forms, while Lamelli- 
branchs are much more highly modified. The Gasteropoda never 
have a free ovum, and, moreover, most Lamellibranchs retain their 
^gs in their gills. Even the European oyster differs from the 
American oyster in this respect. This habit of the oyster, then, 

' Ciamuoian. Zeit. f. Wiss. Zool., XXXII. 

* Hermann. Jenaisches Zrit., XY. 

*See Brooks and liankester. 
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must be a lately acquired one. It is quite interesting, conse- 
quently, to inquire if it has had any effect on the segmentation. 
An examination of the work done by Brooks’ shows that it has. 
Without repeating his arguments, it is sufficient to say that he 
shows that the rather peculiar segmentation of the oyster has 
been brought about by a loss of food-yolk, which has caused 
the segmentation to approximate to a regular one, while still 
retaining by heredity the traces of the typical molluscan irregu- 
larities. Putting this conclusion with the lately acquired free 
ova, and we certainly have a pretty piece of evidence that the 
type of segmentation and the method of depositing the ova are 
connected. The peculiarities of molluscan segmentation may 
perhaps be partially explained in this way. Gasteropoda in 
general have acquired the habit of depositing their ova in egg 
cases, etc., and with this habit a large mass of food-yolk and an 
irr^ular segmentation. Lamellibranchs in general protect their 
ova in a different manner by carrying them in their gills, and 
this may explain the fact that their segmentation differs to a 
considerable extent from that of the Gasteropoda, as shown by 
Eabl.* The oyster with its newly acquired free ovum is still 
undergoing a loss of food-yolk. In Unio there has been a 
migration from the sea to fresh water, and this always having 
great effect on the embryology, may account for the peculiar 
segmentation. 

This view is of course little more than a suggestion. If it 
be correct, we should. not look for sudden changes; and should 
some animal suddenly acquire a new method of depositing its 
ova it would bo s long time before we could expect its segmenta- 
tion to be modified, and we should therefore expect to find 
some exceptions to our rule ; but tbe presence of great groups, 
such as Echinoderms, Annelids and Mollnsks, which do so closely 
coincide with this view, seems to me to be sufficient reason for 
accepting it. The object of food-yolk, as is well known, is to 
enable the young to abbreviate its development by having its 
food supplied to it, and being consequently able to skip some 
of its ancestral stages.* That this should take place, it is 

' Brooks. Development of Oyster and Loss of Food-Yolk in Molluscan Bggs. 
Stud, from J. H. U. Biol. Lab. I. 

* BabL Bntwick. der TeUerschneoke. Morph. Jahr. V. 
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necesaary not only that the yoang should be supplied with food, 
but also that it should be protected during its early history ; and 
if now it be admitted that the habit of depositing the egg has 
a direct effect on the acquisition and loss of food-yolk, we have 
an interesting addition to our evidence as to the effect of environ- 
ment on embryology, and have a mechanical explanation for 
many of the peculiarities of segmentation. 

III. — Oast^la. 

By tliis regular segmentation the ovum becomes first a solid 
mass of cells, a morula (Fig. 12), and later a blastosphere (Fig. 
15). The formation of the blastosphere occurs very early, by 
the formation of a segmentation cavity. By the time the seg- 
mentation has reached 32 segments, it can be seen by section 
that they no longer lie closely together, but have somewhat 
separated so as to leave a cavity at the centre of the egg. Fig. 
15 is an optical section, showing the segmentation cavity at 
this time of its first appearance. The cavity grows somewhat 
larger as segmentation proceeds, but never becomes very large. 

Meantime, cilia have made their appearance, first being seen 
at about the same time as the segmentation cavity. They arise 
in great numbers, and protrude through the vitelline membrane 
(Fig. 15). The vitelline membrane is thus transformed into a 
cnticnlar covering for the young larva, and this covering is 
retained throughout the larval life. There is therefore nothing 
which can be considered to be the hatching of the embryo, the 
growth being a continual one, in this agreeing with Serpula, in 
which the vitelline membrane also remains as the larval cuticle. 
The cilia when they first appear seem to be uniformly distributed, 
but a careful study shows that this is not true. They are really 
confined, to a broad band extending around the egg, leaving the 
two poles of the. egg free. At one of tliese poles are the cells 
which are soon to become the endoderm cells. They are not in 
any way distinguishable from the rest of the cells, with the 
exception that they have no cilia. At the other pole are cells 
which are to become the larval nervous system, and whiph soon 
develop cilia of their own. 

As soon as the cilia appear the embryo begins to move. The 
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motion is, however, very iudefinite, being in no particnlar diree* 
tion, and with no one surface in advance, but eiuiply a more or 
less regular revolutionary motion. There is as yet nothing to 
distinguish anterior extremity from posterior extremity, the one 
broad band of cilia being the only feature of definite location. 
By the motion now acquired, and also by a changed specific 
gravity in part, the embryos now rise to the surface of .the water, 
and are now to be found collected in great numbers around the 
edges of the aquarium where they are confined. This collecting 
in crowds, however, does not last very long, and simply indicates 
that the larvae have no control over their motions. As they grow 
a little older and an anterior region becomes distinguished from 
the rest of the body, tlieir revolutionary motion becomes changed 
into a partially direct one. Gradually they seem to get control 
over their motions, and are finally able to move in a definite 
direction, with their head-end in advance. After this they no 
longer collect in crowds, but swim at will through the water, 
perhaps at the surface, perhaps below it. This is not accom- 
plished, however, until tlie larva is about three days old. The 
mechanism by which the change is effected we shall see later. 

Veiy soon after the cilia have arisen, the embryo is transformed 
into a gastrula by a modified form of invagination. The cells 
at one of the poles of the egg, free from cilia, beconie transformed 
into an endodeimal sac by a process tha^t is not a typical invagi- 
nation such as occurs, for instance, in echinoderins, but is 
partly an infolding and partly an ingrowth of cells. On external 
view this cannot be understood, but a section (Fig. 16) shows 
the real condition. There is a slight infolding of the cells made 
evident by a flattening of the egg, but the chief change is an in- 
growth of each endodermal cell. The endodermal mass thus 
formed is not a hollow sac, but a solid mass of quite laige cells, 
with no distinct blastopore. The external ends of the cells are 
connected with the ectoderm at a region which is homologons 
with the blastopore, il. 

A second important organ has also become visible. If the 
ectoderm immediately opposite the blastopore be closely ex- 
amined, it will be seen that the cells here are larger than the 
oth^r ectodermal cells, a quite noticeable thickening being evi- 
dent at this point. From these cells arise a number of cilia 
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which are very different in character from the others in the 
animal. They are very long, and are not movable, but are 
carried protruding stiffly, as sliown in Figs. 16-23, etc., in marked 
distinction to the other cilia of the band, which are short and are 
rapidly moving. The future history of this ectodermal thickening 
proves'it to be the beginning of the nervous system of the larva 
(the aeheddplatte of the German writers), and the cilia are un- 
doubtedly sense-cilia. Such a tuft of cilia is of almost universal 
occurrence among larval forms, and is usually, as here, the first 
indication of any region of special sensibility, and consequently 
of the nervous system of the larva. It may consist of a tuft of 
long cilia, as in the present instance ; it may consist of a few ex- 
ceedingly long cilia, as in Actinia,^ or lastly, it may consist of only 
one long, stiff hair, as in the case of the pilidia of Hemertians.* 
In all cases it is directed forward in swimming, and it always 
appears early in the larval history. In the present instance, 
even before the mouth is formed, it indicates that even thus early 
has the larva become distinguished into an anterior and posterior 
part. 

From this time on we can point out definite regions in the 
larva. The end with the sense-cilia is anterior, and even now 
can we see that it begins to be functionally as well as morpho- 
logically the antdrior end, since it begins to be carried in advance 
as the animal swims. The other extremity of ^the egg carries 
the blastopore, and we would naturally call it the posterior end ; 
but the development shows ns that this is not true. For the 
present we will therefore simply call it blastopore extremity. 
Between the two extremities is the ciliated band above men-' 
tioned (Fig. 16). This ciliated band has by this time somewhat 
changed its character. The band has become narrower, and the 
cilia have become rather longer and more powerfiil. This band, 
becoming more constricted in breadth, gives the band greater 
power of motion. If the larva wore entirely covered with cilia 
it would be hardly possible that there shonld be any motion 
other than an irr^nlar revolution ; bnt the cilia, being confined 
to one band, are able to produce a certain amount of onward 
motion, and as this band becomes narrower and the cilia become 

I Laoaze-DntiiieTS. Aioh. d. Zool. Exp. et Gen., Yols. I and TI. ^ ' 

’ Mettohnlkoff. Mem. Aead. St. Petenbnig, Ser. Vll, t. ZIV, No. 8. 
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stronger, the power of controlling their motion becomes greater 
and greater. 

The digestive tract, as above described, is at first a solid sac of 
large cells. Very soon, however, there appears in it a cavity 
which opens to the exterior at the blastopore. Bnt other changes 
occur at the same time which lead ns to the fourth division of the 
subject. 

IV . — Formation of the Trocho^here Larva. 

The embryo has now, at about the eighth hour, reached a form 
represented in Fig. 16, a gastmla with the blastopore at one 
pole, with a circumoral band of cilia at a short distance from 
the blastopore, and with a tuft of sense-cilia at the opposite pole, 
the anterior extremity. As yet the digestive sac is solid, and 
the only indication of the blastopore is a slight flattening of the 
egg. This flattening, and therefore the blastopore, is at first 
directly opposite tlie sensory tuft of cilia and in the centre of the 
circumoral ring. The point is of importance in enabling us to 
understand the meaning of the resulting trochosphere larva and 
its relation to other larval forms, and needs to be clearly under- 
stood. From this point the digestive tract extends into the 
segmentation cavity, nearly filling it, and at first ending blindly. 
The embryo swims as yet in an irregular manner, but for the 
most part with its sense-cilia in advance. 

Two changes now take place almost simultaneously. The 
first is the appearance of a cavity in the digestive'tract. This 
cavity would seem to arise by an absorption of the central parts 
of the digestive mass, not at first communicating with the 
exterior. Only a short time, however, does this state of affairs 
last, for an opening to the exterior soon appears which we may 
as well at once call the mouth. This opening does not appear 
directly in the centre of the flattening which we have considered 
the blastopore, but slightly to one side, so that it is nearer the 
circumoral band upon one side than upon the other (Figs. 17, 18). 
This gives ns immediately a means of distinguishing the ventral 
and dorsal surfaces, for the mouth of the larva is ventral in 
position. 

have now distinguished in our ombryo two regions, an 
anterior, with the sensory cilia, and a ventral, witbthe month. 
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but aB yet we cannot say where is the posterior extremity. For, 
indeed, the posterior extremity is not yet formed. 

The second change which has occurred is the division of the 
digestive tract into two distinct regions. There occurs at a short 
distance from the mouth a constriction (Fig. 17) separating the 
digestive tract into a stomach and an oesophagus. This oesoph- 
agus becomes almost immediately lined with cilia, and from 
this time remains as a distinct region opening at its interior into 
the stomach and at the exterior opening by the month. The 
blastopore is therefore converted into the mouth. This is 
perhaps not strictly true, since, owing to the peculiar method of 
the invagination, no blastopore is formed until the cavity in the 
digestive tract communicates with the exterior as the definite 
mouth, but essentially it is correct, for the mouth appears in the 
exact region of the blastopore as the first opening. At all 
events, the blastopore does not . become the anus, which is not 
formed till some time later. 

Having once become differentiated, the stomach and oesophagus 
become more and more unlike each other. Tb'o oesophagus 
rapidly elongates, and becomes converted into a cylindrical tube 
of considerable length, whose walls are composed of columnar 
epithelial cells richly ciliated on the inner surface (Fig. 19). 
The stomach for a while only elongates very slightly, still re- 
taining its spherical shape, and almost filling the segmentation 
cavity. The method by which tho radically symmetrical gastrnla 
of Fig. 16 becomes converted into a complex, rapidly moving, 
lUateraUy symmetrical trochosphere larva is very remarkable and 
interesting. The development of bilateral from radial is natu- 
rally considered as brought about by growth, by the elongation 
of the body. But this elongation may be looked upon as taking 
place in different directions, and the significance which we place 
upon the different regions of the body in bilateralia will depend 
largely or entirely upon our way of looking at this change. In 
the present instance we have an excellent opportunity to study 
this growth in the ontogenetic series, and I have therefore spent 
considerable timein making out the exact method of the change. 
The transformations are somewhat difficult to understand. At 
the time of the invagination the embryo swims with the bl|Sto- 
pore almost directly opposite the sense-cilia, and, as these are 
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undoubtedly anterior, we might think that the blastopore was 
posterior. Bnt w;e have seen that the blastopore becomes the 
month, and a glance at the completed trochosphere larva (Fig. 
28)* shows us the mouth much nearer the anterior end than the 
posterior end. And if we compare this with the adult (Fig. 43), 
or, better still, examine the adult of an ordinary annelid such as 
Polygordins,^ it will be seen that the mouth comes to be at 
almost the anterior end. The reason for this is that the elouga-> 
tion of the body concerns entirely one side of the post-ciliated 
region. Fig. 16 is a representation Of the embryo shortly after 
invagination. The sensory cilia are at the anterior extremity, 
and the blastopore is nearly opposite. The body is slightly 
flattened. Fig. 18 is the same a short time afterward. The 
digestive tract has differentiated into oesophagus and stomach, 
and the oesophagus has somewhat elongated itself. The mouth 
has slightly changed its position and now lies quite near 
the circumoral ring. Now the body of the larva begins to elon- 
gate, and the elongation is not in a direction to carry, the 
mouth backwards. The line AB indicates the direction of 
growth, and it will be seen from Fig. 18 that the growth in 
length is confined to the region lying between the mouth and 
the opposite side of the ciliated ring, and is therefore entirely 
post-oral. Accompanying this elongation, the digestive tract has 
also grown, and has of itself become longer than the body-cavity. 
It is necessary, therefore, that it be somewhat doubled upon 
itself, and since the elongation principally concern^ the oesoph- 
agus, it is seen that the stomach has become folded upon itself 
BO that its long diameter is nearly parallel to that of the oesoph- 
agus and its free end projects into the elongated part of the 
body (Fig. 19). Its position now is almost exactly the reverse 
of its original position (Fig. 16). The elongation still continues, 
and finally the anus is formed at a (Fig. 19). This r^ion is now, 
of course, the posterior extremity of the body. Now, if we com- 
pare Fig. 16 with Fig. 19, two important points are evident. 
The embryos seem at first to have been reversed. In Fig. 16 the 
mouth (blastopore) is almost exactly posterior, while in Fig. 19 
it has moved forward to be near the anterior extremity, bnt still 
posterior to the ciliated band. And secondly, if we look in Fig. 


‘ Hatsohek. Arb. a. d. Universitaet, Wien, III. 
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16 for the point where the anus is to appear, we find it at a, very 
near the month, and, indeed, within the original fiattening of the 
egg which we have seen to be the blastopore. Its present posi- 
tion at a considerable distance from the month is due to *the 
elongation of the larva in the direction indicated by the line 
AB. It is not correct, therefore, to say that the anus is formed 
from the blastopore, but it is fbrmed at a position which corre- 
sponds to one end of the elongated blastopore'. The extreme sig- 
nificance of this peculiar method of formation of the trochosphere 
I have shown in a previous article on laiwal forms in these 
studies. 

The alimentary canal is completed in about twelve hours, the 
intestine and anus appearing as follows : As the body grows, the 
stomach also grows and continually fills the body-cavity. This 
cavity is nothing but the segmentation cavity, which has become 
very much increased in size. Thus in ten hours an embryo such 
as is seen in Fig. 1 9 is formed. Kow, as the whole animal continues 
to grow, the posterior part of the alimentary canal, which I have 
hitherto called the stomach, becomes dmded into two portions. 
If the embiyo be viewed from the dorsal surface, two partitions 
may be seen growing inward near the posterior from the walls of 
the digestive tract. These partitions, in reality simple constric- 
tions, thus havOvSeparated a stomach proper (Fig. 20, st.) from a 
smaller intestine, i. * 

Thus far the whole alimentary tract lies freely in the body- 
cavity, being united with the body-wall only at tlie mouth, the 
other ejetremity ending blindly, the relations being just as in the 
gastrula, except that it has become longer and more complicated. 
But as soon as the intestine becomes differentiated its free 
extremity unites with the body-wall at the posterior end of the 
body, its walls become fused with the ectoderm, and for a short 
time the two form a wall of double thickness. This soon breaks 
through, however, and thus a posterior opening is formed to the 
alimentary canal. The canal is now complete, and consists (F^. 
27) of the usual divisions— r- oesophagus, stomach and intestine — 
and is from this time functional. It will be noticed that neither 
the o^phagus nor the rectum is formed as a distinct invagina- 
tion — liiere is neither true stomodaeum nor proctodaeum, 
and on this point Thalassema differs from the ordinary rule. It 
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haa been shown, however, by Hatschck* that in the mollnsks the 
intestine is really an endodermal formation, and not formed as an 
ectodermal invagination. In this article he suggests the possi- 
bility (p. 35) that future investigations might show the same to 
be true of annelids, contrary to what he himself had concluded 
from the study of Polygordius. We now see that this suggestion 
of his was justified, for the intestine is undoubtedly in this case 
of endodermal origin. 

V . — The Trochoephere Larva. 

By the changes above described the ovum has become con- 
verted into a type of larva known as the trochosphere, which is 
complete about twenty-four hours after fertilization. The larva 
is small (at first scarcely larger than the egg), partially trans- 
parent, and swims through the water at all depths with a 
perfectly regular motion. Fig. 27 is an optical section through 
such a larva, and Fig. 28 is a tolerably good representation of a 
surface view. It consists of a regular oval body, noticeably divided 
into two parts, a pre-oral lobe and a post-oral lobe, separated 
from each other by a ciliated band, at first near the middle line 
of the body. The relative size of the pre-oral and post-oral 
lobes varies somewhat in different individuals, the pre-oral lobe 
being at first, commonly, slightly longer, but very soon being 
surpassed by the post-oral lobe. Just posterior to the ciliated 
band is the month (Fig. 27, m.), which opens into the digestive 
tract, consisting of oesophagus, stomach and intestine, with an 
anus at the extreme posterior extremity of the body. . 

The ectoderm does not present everywhere the same charac- 
teristics, but has already developed various ectodermal organs. 
We may, for description, divide the ectoderm into four different 
regions : 1. The ciliated band separating the pre-oral and aboral 
lobes. 2. The beginning of the snpra-oesophageal ganglion. 
8. A ventral band of cilia extending from moiith to anus. 

1. The distinctive characteristic of a trochosphere larva is 
the presence of a pie-oral ciliated band (Fig. 27, j>r.). We have 
already seen that the gastrula has a circnmoral band of cilia, 
and that this becomes converted into the pre-oral band of the 

>T}eUSr SntvioklaiigsgeBoUohte von Teredo, Arb. a. d. Inst. Wien, m. 
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larra ; but upon examining a full-grown trocbosphore it is seen 
that the pre-oral band we find here is not identical with that of 
the earlier band. We have hitherto seen a broad band of cilia 
arising firom cells which form a prominent ridge around the 
larva in front of the mouth (Fig.- 19). Such a broad band is 
present from the first appearance of cilia until about the middle 
of the second day, when it is replaced by the proper ciliated 
ring characteristic of the complete trochosphere. This consists 
of a single row of very long, powei^til cilia (Fig. 27), which 
form a much more efiectnal locomotor organ than the ciliated 
band of the younger stages, owing, no doubt, partly to the 
greater power of the cilia and partly to the more definite 
regularity of their motion. That tliis is so, is evidenced by the 
greater power of motion which the larvae from this time possess. 
By study of stained specimens it can be made out that these 
cilia arise from a very definite row of large cells. From a 
surface view (Fig. 36), or from optical section, it is seen that 
these cells are very different from the surrounding ectoderm, 
being high, prismatic cells with distinct nuclei, each cell being 
the origin of a large number of cilia. Moreover, staining fluids 
readily differentiate them, which is not true of the rest of the 
ectoderm. 

Posterior to the mouth is a second row of cilia of precisely 
the same appearance as the pre-oral row, and arising from a 
similar band of prismatic cells (Fig. 86). Upon the dorsal' 
surface these rows are quite close together, but ventrally the 
post-oral band is somewhat curved, so as to enclose between it 
and the pre-oral band the month (Fig. 28). The cilia of the post- 
oral row are not so powerful as those of the anterior one, and 
probably serve largely for collecting food, as well as assisting in 
locomotion. 

The pre-oral band of cilia is thus composed of two different sets 
of cilia. At first it consists of a broad band of small cilia, which 
are so widely dispersed that they can give no regular motion 
to the animal. This band soon disappears, and is replaced by 
the single row of long cilia. Whether this row bo a newly- 
formed one, or whether it be a row which was present in the 
oripnsd broad band and has become more developed with the 
disappearance of the rest of the cilia, does not alter the fifict that 
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it is a diatinct formation. These two different sets of cilia have 
oonsiderablesigniffcance towards an nnderstanding of the meaning 
of a pre-oral ciliated band.' It may bo well to point ont their 
different meanings in the life of the larva. The broad band, ad 
we have seen, gives an irregular motion, which lasts about two 
days. The object of this motion must be to distribute the larvae 
as widely as possible, and it accomplishes this partially by the 
intrinsic motion of the larva, but more effectually by bringing 
the animal to the surface of the water, where it is more readily 
acted upon by the various surface-currents and the winds. Un- 
doubtedly, it is of great advantage to the species to have its 
lar^fN dispersed as widely as possible while it is yet feeding 
tip6n the food in the yolk and before it is required to capture 
food for itself. After the month and anus are formed, and it 
becomes necessary that food from without should be obtained, a 
more direct motion is desirable, particularly a motion which will 
enable the larva to swim beneath the surface of the water, since 
its food consists of microscopic plants which are not readily 
found at the surface. For this purpose the broad band becomes 
more and more constricted, and finally is confined to a single 
row of cilia (which are more likely developed anew), much more- 
powerful than the old band, and calculated to give the larva ai 
very definite motion, well calculated for its own advantage, but 
not so trell adapted for the distribution of the species as the- 
iir^ular motion of the first day. 

2. The Bupra-oesophageal ganglion has already maide its- 
appearance at a very early stage (Fig. 16), and is now seoni as a. 
prominent thickening of the ectoderm at the anterior extremity 
(Fig. 27, This thickened plate is made up of largo cells,, 
whose outlines are more distinct than in the rest of the ectoderm, , 
and can readily be differentiated in stained specimens. Figs. 
22, 23, 31 show this thickening in various stages. It is always 
browned with the tuft of sonse-cilia. ' 

8. Besides the pre-oral and post-oral ciliated rings, we find a 
broad ciliated band occupying the ventral median line (Fig. 27, 
VC.). This band of cilia is connected with the ventral nervous 
chain in the same manner as is liie tuft of sensory dlia with the 
supra-oesophageal ganglion ; the cells from which the cilia arise 

' See a paper on larval forme In the previone volume of these Studies 
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are later to give rise to the ventral nerve-chain, lids band also 
appears very early in the development, being present some time 
before the anus is formed, and for a long time — a number of weeks 
— it is the sole representative of the ventral portion of the nervous 
system, the nerve-chord not being differentiated until quite late 
in larval life. The ectodermal cells within this band differ very 
much from the ordinary ectodermal cells. Not only are cilia 
present, but all of the peculiar structures (glands, pigment- 
bodies, etc.) found in the ectoderm elsewhere are absent from 
these cells. There can be no doubt that this r^on is especially 
differentiated. The presence of such a ventral ciliated band is 
quite as common an occurrence among larvae, and seems to, be 
the antecedent of the ventral nerve-chord. Even in Lnmbricns,^ 
where the free larval life is lost on account of the presence of 
food-yolk, this ciliated band is retained, although it cannot be 
of any use to the animal, as far as we can see. If Kleinenberg’s 
figures be compared with Fig. 41, it will be seen that in Lumbri- 
cus and. Thalassema the relation of this ciliated band to the 
developing nervous system is essentially the same. We find, 
thus, that both the cerebral ganglion and the ventral nerve-chord 
are preceded by cilia, and the intimate connection of cilia and 
nerve-cells in these cases suggests that possibly the pre-oral band 
of cilia may ha've some such signification. 

In front this ventral band is prolonged into the space existing 
between the ab-oral and pre-oral ciliated rings, which is also 
richly ciliated (Fig. 28). ^e cilia are much shorter than those 
of the pre-oral ring, as (Fig. 29) a section through the body-wall 
near the mouth will show. Fig. 32 is a similar section through 
the dorsal region, where the pre-oral and ab-oral rings are nearer 
together. 

There are some other cilia scattered quite irregularly over the 
body. 

The appearance of the ectoderm ohtside of the three cilia^ 
tracts above mentioned is represented in Fig. 21. I have found 
it impossible, with any histological method at my command, to 
differentiate the cells and make out exactly the histological 
stnicture. There are a number*of bodies, however, lying in the 

' Sdeinenbetg. Devslopmentol the Earthworm ImmbrbmstiapeBrfdes. Q.J. 
M. S. XEC, 1879. 
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ectoderm. First, we find the ectoderm, at all. times after the 
first day, crowded with peculiar unicellular glands (Fig. 21, ^Z.). 
These are worm-like bodies, very highly granular, and occur in 
great numbers all over the body of the animal (Fig. 28). They 
produce an abundant slimy secretion, which makes it difficult to 
treat the larvae with any hardening reagents. As soon as any 
acid comes in contact with the body these glands discharge their 
contents, causing the larvae to become very sticky and to adhere 
firmly to the bottom of the vessel in which they happen to be. 
The discharge of the glands causes the ectoderm to swell to great 
size and prevents staining fluids from readily penetratiug to the 
interior. Fig. 31 is an optical section through the ectoderm 
showing the glands, and Fig. 30 is a section of the same after 
treatment with osmic acid. Nothing is to be seen of the glands 
except the nuclei. 

From the second day the ectoderm contains quite a q\iantity of 
green pigment. It is in the form of small spherical granules, and 
is scattered only sparsely over the surface. There seems to be 
great variation in the amount of pigment which may be found in 
the larvae. In many individuals it seems to be entirely absent, 
and its place is supplied by small spherical particles of highly- 
refracting substance (Fig. 21,^.), which seem to be the pigment- 
granules which have lost their pigment. The abundance of 
pigment seems to be dependent to a certain degree upon nutrition, 
since it is always more abundant in well-fed larvae than in those 
whose food is scanty. 

Besides these structures, there is another system of organs 
belonging to the ectoderm. Yery early in the development of 
the larva the body is seen to undergo considerable contractions, 
which must be due to muscles. They are seen long before the 
true mesoderm muscles are developed, and even after their 
development it is plainly seen that the ectoderm is chiefly 
concerned. They are due, undoubtedly, to certain muscles which 
can be seen by examining the ectoderm closely with ai high 
power (Fig. 21, e. m.). They lie wholly in the ectoderm, and 
undoubtedly originate in thiit layer, although I have not been 
able to demonstrate very satisfactorily the method of their 
development.^ By nsin^ Hertwig’s teasing solution, two or three 

> Hertwig’s AotiaieD, Jen. Zeit. XJIL 
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different kinds of ectodermal cells can be distingdshed (Figs. 87 
and 39). Some of them (Fig. 89) bear mnch resemblance to the 
well-known epithelio-muscnlar cells of crolenterates, but the 
difficulty of teasing such small animals makes it almost impossible 
to get satisfactoiy evidence. That the muscles are ectodermal I 
have no doubt, but whether they arise as epithelio-mnscular 
cells, as in the coelenterata, is not so certain. Stossich has 
described ectodermal muscles in Serpula,^ but his evidence is 
hardly sufficient, and his observations have not been confirmed. 

Alimmicury Tract. 

The alimentary tract consists of three divisions, oesophagus, 
stomach and intestine. The month lies upon the ventral 
surface of the larva between the two- ciliated bands (Figs. 27 and 
28). It is an oval opening situated in the midst of the broad 
tract of cilia found between the ab-oral and pre-oral ciliated 
bands. The cilia serve for collecting food, which consists mostly 
of microscopic algae. 

The mouth leads into the oesophagus, which is a long, narrow 
tube projecting towards the anterior end of the body, and nearly 
reaching the supra-oesophageal ganglion (Fig. 27, oe.). Its 
opening into tfie stomach is upon the dorsal side (Fig. 27, o.). 
The oesophagus consists of high columnar, ciliated cells. To aid 
the cilia in carrying food to the stomach are a number of muscles 
connecting the oesophagus with the body-wall, which, by their 
contractions, can very much enlarge the cavity of the oesophagus 
{me.). These muscles are of great importance to the larva, for its 
powerful cilia frequently force into the mouth particles of food 
so large that the cilia cannot propel them into the stomach. 
The muscles, then, by contracting, enlarge the diameter of the 
oesophagus, and thus facilitate the passage of the food. 

The central portion of the digestive tract, the stomach, is much 
the largest of the three,^ in its fully-expanded condition nearly 
filling the body-cavity (Fig. 27, at.). From the first it is quite 
different in appearance from the oesophagus, having much 
thinner walls and being more contractile, at times when not 
distmded with food shrinking to small compass. It is composed 
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of cells which are quite small and form a thin, flat layer. When 
separated by teasing while fresh, they assume a spherical form 
and appear as ciliated cells, each nucleated, and containing a 
number of highly-refracting bodies, evidently of an oily nature, - 
and being the result of food-digestion (Fig. 88). One region of 
the stomach is particularly set apart to secrete the digestive 
fluids. If a section be cut longitudinally through the larva, it 
will be seen that the stomach-wall directly beneath the oesopha- 
gus is composed of cells not as thin as the ordinary cells, but 
very large, and forming a thick endodermal ridge (Fig. 40). 
The cells are highly granular, possess a very distinct nucleus, 
and have every appearance of glandular cells. This endodermal 
ridge cannot be seen in the living animal, and it is only in 
section that it becomes visible. Fig. 40 shows the ridge with 
its great cells graduating at either end into the ordinary endo- 
dermal cells. 

The whole of the stomach is lined with cilia, which keep the 
food in constant rotation. The cilia are mostly short, except at 
a ridge around the opening of the oesophagus. Here (Fig. 27, 
00 .) we find a crown of long, powerful cilia, whose object is to 
effect the introduction of food. 

The intestine, composed of ciliated columnar cells, does not 
open into the stomach at its posterior end, but upon its ventral 
side, as shown in Fig. 27. Its length is subject to great variation 
during the growth of the larva. 

Connected with the digestive tract is a peculiar structure the 
significance of which is questionable. This is a thickened 
ciliated ridge of a more or less complex form, which appears 
early in the larval history. It begins upon the right side of the 
stomach close to the month, and after one or two turns (Fig. 27) 
rune upon the intestine and follows this upon the ventral 
median line towards the anus and disappears. As the develop- 
ment goes on, the ciliated ridge becomes more developed with 
the development of the alimentary canal, and finally becomes 
very contorted. Upon close examination it appears to be a 
ciliated tube. This organ, first described by Salensky* in bis 
Echiurus larvae, was considered by him to be respiratory in 
function. ’ Hatsohek* also figures and describes it, but offers no 

* tlber die Metemotphose d. Bohioms, Morph. Jshr. II. *Loe. cU. 
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SQ^eBtionB as to its function. In the oldest larvae that I have 
seen it was still a prominent structure, although rather difficult 
to observe on account of the opacity of the animal. I would 
suggest that it may be the beginning either of a peculiar ciliated 
groove which is seen in the adult, occupying the ventral surface 
of the stomach and intestine, or the beginning of a secondary 
gut which, in the adult, accompanies the alimentary canal. 
Nothing of the kind is found in the quite similar larva of Serpula. 

Mesoderm. 

The mesodermal formations in Thalassema are twofold: 1. 
A mesodermal system veiy similar to that in Echinoderms and 
Mollnsks, which is called by the Hertwigs, in their ‘‘ Ooelen- 
theorie,” the mesenchyme ; 2. A true mesodermal system like 
that of other annelids. 

In echinoderms the mesenchyme arises as follows : ^ The s^- 
mented egg gives rise to a single layer of cells surrounding a 
large segmentation<cavit 7 . Into this segmentationKsavity are 
budded off from the external layer a number of cells. They 
first appear at the position of the future blastopore, and are 
products of that portion of the embryo which is immediately to 
be invaginated to form the endoderm. The cells thus appear- 
ing wander about in the segmentation-cavity, multiply rapidly, 
and eventually the entire cavity is filled with these wandering 
cells, which form the mesoderm or mesenchyme of the adult. 

Inasmuch as some of the mesodermal muscle-cells in the 
Thalassema trochosphere bear so complete a resemblance to a 
mesenchyme, one would naturally expect to find a similar origin. 
Indeed, the Hertwigs have no hesitation in deciding, upon histo^ 
logical grounds, that there is a true mesenchyme. A study of 
the early history of the larva shows that there is some difference 
in detail, although the essen^al features are the same. Neither 
before the invagination nor during the gastrula period are these 
cells differentiated. Some time later they appear as cells budded 
off from the endodermal mass, most of them arising quite near 
the blastopore. They do not, however, become true wandering 
cells, but are immediately transformed into muscles connecting 

‘ Selenka, Znr Entwkklimg der Holothniien, Zelt. f. Wiss. Zool. XZVII. 
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the oesophagiiB widi the body-wall, whose duty, as already 
mentioned, it is to enlarge the cavity of the oesophagus, and to 
control its movements. They form two sets — the first connec^ 
ing the oesophagus with the body-wall (Fig. 27), and the second 
connecting the oesophagus with the stomach me.'. They have 
no very great regularity of distribution in different individuals, 
but we always find a number attached to the ectodermal 
thickening of the nervous system ; and there is one muscle 
which is universally found connecting the oesophagus with the. 
stomach upon ito dorsal surface (Fig. 27 me.'). Each muscle is 
unicellular, consisting of a cell-body with a distinct nucleus, 
and with muscle-fibres extending from it in two directions 
(Fig. 25). The muscle-fibres may occasionally be branched, but 
the branching is very simple, and is always in that part of the 
fibre connecting the cell with the ectoderm, and not in that part 
joining the oesophagus (Figs. 24-26). 

Besides these distinctly muscular cells, there are a large 
number of mesodermal cells whose origin is partially, at least, the 
same. They are branching cells, like connective-tissue corpuscles, 
and are to be seen in all larvae, scattered somewhat at random in 
the body-cavity, but quite close to the body-wall. In the older 
larvae they are more abundant, and unite to form quite a con- 
tinuous layer. 

In most trochosphere larvae there is a large, prominent muscle 
uniting the supra-oesophageal ganglion with the oesophagus. 
In Thalassema no such muscle is found, but a muscular band, 
which is probably its homologue, is seen extending from the 
nervous thickening to the region of the pre-oral cilia (Fig. 
27,e2m.), and may sometimes be traced beyond this in the post- 
oral lobe, vim.'. We do not find, as is usual, a distinct muscle or 
a muscular bundle, but a broad band of separate muscular fibres 
loosely arranged and closely adhering to the body-wall. Upon 
the origin of the muscle I have made no observations, except 
that it appears with the completion of the trochosphere. 

The first division of the mesodermal system is thus in its origin 
very like the mesenchyme of Echinoderms and Mollusks, being 
budded off from the endodermal cells as wandering cells. Like 
the mesenchyme of these groups also, it gives rise to (1) a quite 
complex muscular system made up of independent muscular 
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fibres, and (2) a lai^ge number of cells wbieh do not appear to 
become converted into mnscles. 

The second division of the mesoderm, the true mesoderm, is in 
the early stages only very slightly developed. It is seen in the 
shape of two small bands of cells near the anus. Owing to the 
opacity of the larva, I could not make out definitely their origin, 
but, judging from what occurs in Serpula, I conclude that they 
arise from the eudodermal cells of tbe intestine. They bear a 
close resemblance to the same structures in other annelids. 


The stage of the complete trochosphere larva, as above 
described, is reached in about three days. From this time 
onward the growth is much slower, since for nutriment the 
animal is obliged to depend npon the prey it may capture, rather 
than npon the store laid up for it in the egg. 1 have, however, 
had no difficulty in keeping the larvae alive until they had 
assumed nearly all of the adult characteristics.* I have therefore 
been able to witness the entire development from the egg to a 
stage almost adult, and make careful study of each stage. All of 
the later larval histoiy of Echiurns has been already carefully 
studied and described by Hatschek, and, inasmuch as the devel- 
opment of ThalaSsema is almost exactly the same as that of 
Echiurns, I shall not attempt to give a detailed account of the 
later histoiy, but simply an outline, referring for further details 
to the paper of Hatschek.^ 

The history of the larva from this time on is that of a con- 
tinuous growth with nothing to divide it into separate stages, 
until quite a remarkable change takes place just before the adult 
condition is assumed. The most noticeable feature is a slight 
change in. the shape of the larva. In the trochosphere which I 
have described, the pre-oral lobe equals or often surpasses tbe 
post-oral lobe in size; but this relation is soon reverse, so that 
after the fourth or fifth day the post-oral lobe is the longer. But 
right here do we come to the chief difference between Thalassema 
and the ordinary annelid. The post-oral . lobe does become 
longer than the pre-oral lobe, but not very much longer. In 
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other annelidB which pass through a trochosphere stage the post- 
oral lobe grows out to form a very long body, while the pre-oral 
lobe remains very small (the cephalic segment). Here, however, 
the pre-oral lobe very nearly keeps pace with the post-oral lobe 
in its growth, so that in the adult the pre-oral lobe or proboscis 
is as long as the rest of the animal. At this point, therefore, do 
the Echinridae branch off from the annelids, they 'on the one 
hand retaining a large pre-oral lobe, while the annelids develop 
the post-oral lobe ,at its expense; the former group also 
developing a long alimentary canal, while the latter develop 
segments. 

The general external changes in the later history are very 
simple. A second band of cilia makes its appearance, consisting 
of a single row just in front of the anus — a peri-anal band. As 
the animal grows, it increases in length more than in breadth, 
and gradually thus becomes more and more worm-like. The 
post-oral lobe acquires a great amount of mobility, and is found 
in very different states of contraction, sometimes extended as in 
Fig. 42, or at other times so much contracted that the animal is 
nearly spherical. When swimming through the water freely, it is 
in a state of extreme expansion. As the intrinsic motions due to 
muscles become of more importance, the ciliary motions become 
less noticeable, and finally, when the stage of Fig. 42 is readied, 
the cilia have become of minor importance. The animal stays 
most of the time on the bottom, though still able to swim slowly. 
Finally, the cilia disappear altogether (Fig. 43), and the only 
means of locomotion which the larva possesses is by slowly 
crawling by its iuuscular contractions. All of this time, how- 
ever, the larva still remains a trochosphere, differing from the 
younger stages only in the slightly greater length of the post- 
oral lobe. 

Leaving for the present the external changes, I will briefly 
describe the internal changes which have in the meantime taken 
place. The most important of them all, and indeed one of the 
most important features in the development of the animal, is the 
history of the mesodermal bands. We have already seen these in 
the trochosphere as small masses of ceUs (Fig. 27) lying near the 
anus, one on either side of the median line. As the development 
proceeds, they gradually grow forwards, arching outwar^ 
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Blightly, and soon become thus two narrow bands of cells lying 
on either side of the ventral median line, somewhat broader in 
front than behind — precisely, in fact, as in ordinary annelids. Not 
only do they thus resemble annelids in their early history, bat in 
about three weeks after the fertilization (time varying widely 
with the food) they become segmented in a perfectly normal 
manner (Fig. 52), so that the young larva of this period is a 
typical annelid larva (Fig. 42). The segments are quite numerous 
and very distinct. The segmentation is also shared by the 
nervous system, which, when formed, has one ganglion for each 
s^ment connected by a narrower band (Fig. 48). This seg- 
mentation, first described by Hatschek, is quite a remarkable 
fact, and indicates conclusively that the EiBhiaridae are nearly 
allied to annelids. 

I next notice the completion of the nervous system. It consists 
at first of the ectodermal thickening above described, which gives 
rise to the supra-oesophageal ganglion. Of the ventral ganglion 
the only indication is the band of cilia upon the ventral line, 
present from the earliest stages to the very latest stages of the 
larval history. About the same time with the segmentation of 
the mesoderm the true ventral nerve-chord begins to be formed. 
Sections of the larva at this period indicate that the chord arises 
in a manner almost precisely like that of Lnmbricus.^ It is 
developed from the ectodermal cells at the base of the cells 
which bear the above-mentioned cilia, arising probably from 
these cells. It is formed as two chains of separate ganglia. 
Fig. 41 is a section through the ventral surface, showing the 
ventral chord at the time of its appearance. In the middle are 
seen the ciliated cells, while at their bases on either side are small 
cells which differ markedly from all of the other cells of the 
ectoderm. These boundaries are distinct, showing them to be 
spherical, and eadi possesses a well-defined nucleus. That they 
are segmented is easily seen a little later, when the whole chain 
becomes visible externally. Fig. 48 fihows the ventral chord, 
remarkably laige and distinct, and with a separate pair of 
ganglia for each segment. 

Quite late in the larval life this chain becomes connected with 
the cerebral ^nglion by two long commissures, whose origin is 

* ' ESeinenberg. Qoar. Jour. Mio. Soo. XIX. 
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also ectodermal, but the precise method of their formation I 
have not made out. 

Some time after the mesoderm has become segmented we find 
the first traces of the ventral setae. These two setae are situated 
one on either side of the median line, just posterior to the 
mouth, and form the only armament which Thalassema possesses. 
A study of their adult structure would lead us to conclude that 
they are of ectodermal origin, formed by ectodermal ingrowths. 
But such is not, however, the case. 'When first appearing they 
are seen to be formed in small mesodermal sacs, entirely beneatli 
the ectoderm and unconnected with it. They rapidly elongate, 
and soon force their way through the ectoderm and come thus to 
project upon the outside (Fig. 42). Meantime muscle-fibres 
become connected with their internal ends, which thus connect 
them with the body-wall. The muscles radiate iu all directions, 
so that the setae can be moved at will. 

The digestive tract has in the meantime been constantly 
growing in length, at first somewhat slowly, but afterwards more 
rapidly. For a long time this growth affects the intestine only, 
which becomes considerably contorted, as can be seen by the 
increasing complexity of the ciliated fhrrow. Later the stomach 
also begins to elongate and become folded, until finally a long, 
convoluted digestive tract, such as is represented in Fig. 48, is 
attained, much longer than the body. All this time, and even in 
the adult, the separation into oesophagus, stomach and intestine 
remains distinct. The regjpn where the oesophagus and the 
stomach join is always somewhat swollen, and it remains so in 
the adult, forming a short section of the digestive tract known 
as the crop. * 

Quite late in the development, after all the changes above 
mentioned have taken place, appear two structures known in the 
adult as anal pouches. In the adult they appear to be diverticula 
from the alimentary canal, but a study of their development 
shows this not to be the case. They arise as ectodermal invagina- 
tions quite close to the anus, but separated from it (Fig. 43). 
Later they approach more closely to the anus, and finally the 
openings are carried within it, giving the relations as seen in the 
adult. But the fact that they are ectodermal in ori^n is of 
considerable importance in understanding their morphological 
meaning. 
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l%us far my own observations are little more than a corrobora* 
tion of those of Hatschek. Indeed, in eveiy important point 
except one I find that Thalassema agrees with Echinrus. I have, 
however, been unable to discover any traces of the peculiar 
excretoiy organ so minutely described by Hatschek in Echiums. 
This has been a great surprise to me, and I have consequently 
searched long and carefully for it; but at no stage of the develop- 
ment have 1 found it possible to discover any trace of it, either 
by section or in the living specimen. Whether this indicate 
that the primitive kidney is not present in Thalassema, or that 
the various ectodermal structures entirely mask it and prevent 
its being seen, I will not attempt to say. I do not think it 
probable that I could have overlooked so prominent a structure, 
if it were present. 

The larva as now described, though still a trochosphere, has 
present in rudiment all of the adult structures with the exception 
of the vascular system and the sexual organs. But now quite a 
remarkable change takes place, which may almost be called a 
metamorphosis. The anal pouches are simply blind invagina- 
tions at first, but they have now increased somewhat in length 
and acquired an internal opening into the body-cavity. This 
funnel-opening is shown in Fig. 43. As soon as this happens 
the animal ra|tidly absorbs water, taking it in probably through 
these openings. The result is that the larva changes its appear^ 
ance remarkably. Hitherto (Fig. 42) it has possessed a power 
of locomotion by means of its cilia^tbough usually remaining on 
the bottom. It has been quite opaque, owing to the numerous 
pigment-bodies, and has been visibly divided into s^;meDts. 
When it b^ns to absorb water, however, in a few hours its 
appearance is entirely changed (Fig. 48). It increases nearly 
four tiines in bulk, owing chiefly to the body-cavity being 
expanded , by the absorbed water. The pre-oral band of cilia 
entirely disappears, and the animal can only crawl over the 
bottom by means of its pre-oral lobe, which has increased its 
flexibility and power. The pigment begins rapidly to disappear, 
and all visible evidences of s^mentation are completely gone. 
The animal has consequently become perfectly transparent, with 
the exception of the pre-oral lobe, whidi does not seen} to share 
in the'al^rption of water, and now becomes even more opaque 
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than ever by the mnltiplication of its muscle-cells. Quite a 
similar absorption of water has been described in Bonellia by 
Bpengel.^ 

After this metamorphosis the larva is a remarkably different 
animal (Fig. 43). An examination of the transparent animal 
indicates that it is in almost every respect adult. The post- 
oral lobe has now become clearly differentiated as the body, 
while the pre-oral lobe is the proboscis. As yet, however, the 
digestive tract extends for some distance into this lobe, but 
gradually its muscle-cells multiply and begin to fill its cavity. 
The digestive tract is thus expelled from the pre-oral lobe, 
which becomes a solid, prehensile oi^an of the adult. The 
nervous system is now complete, the supra-oesophageal ganglion 
being now united with the ventral chord by two long commis- 
sure. The ventral chord, however, still retains its segmenta- 
tion, and, indeed, doe so for a long time. The two ventral 
setae have their adult structure and peition. The anal ponche 
are now closely connected with the alimentary eanal at the anus. 
As yet they have only a single internal opening, which is un- 
doubtedly the terminal opening of the adult. The various 
scattered mesenchyme-cells of the post-oral lobe (Fig. 27) have 
given rise to a system of mnseles connecting the digestive tract 
with the body-wall-muscles which are very numerous and 
veiy important in the adult. Finally, many of these mesenchyme- 
cells have become free and fioat around in the body-cavity as 
blood-corpuscles. They are at ^rst few in number, but gradually 
increase, seemingly by division, although of this point 1 am not 
positive. 

The larval history is now essentially completed, since a form 
is reached which is nearly adult. The animal can no longer 
swim, and is only able to crawl very slowly. Probably this is 
the stage at which the young Thalaesema enters its final home in 
the sand-dollar shell. Here it goes through the few final 
changes which are needed to make it a sexually mature animal. 
The alimentary canal continues to increase in length, finally 
becoming very long — 20 times the length of the body. The 
muscles of the pre-oral lobe continue to multiply until this 
member becomes solid. The anal pouches acquire other openings 

‘SpengeL Ent. der Bonellia. Naples Mittheil. Yol. 
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similsr to the terminal one shown in Fig. 48. The yascnlar 
system appears probably in the mesoderm. Finally, the sezoal 
poaches arise as ingrowths from the ectoderm, and the mature 
condition is reached. 

VII . — OenercA Conduaiona. 

Sunmmy. 

One of the cells of the peritoneal lining of the body-cavity 
takes upon itself certain powers the significance of which, in the 
present state of biological science, we little understand, and which 
we are only able to define by the effects produced. This cell, 
which previously differed, as far as con be seen, not at all from 
the other cells of the peritoneal membrane, becomes an ovum, a 
separate, independent individual, and soon loses its connection 
with the body of the mother, and fioats around freely in the 
peri-visceral fiuid. It rapidly picks up nutriment from this fluid, 
using part of it to increase its bulk and stowing part away in 
the form of yolk-granules for future use. In this way it increases 
many times its original size, and finally finds its way into the 
sexual pouches. Here it remains in a state of inactivity, bnt 
ever ready for farther development the instant it is placed in the 
right circumstances. The period during which it remains thus 
at rest varies somewhat, being longer for eggs produced early in 
the summer than 'for those appearing later ; bnt finally the entire 
contents are discharged from the body, and from this time each 
^ floats independently in the water. 

It is now fertilized by a spermatozoon which has had a history 
quite similar to that of the ovum, but in another individual. 
Fertilization is followed by the protrusion of two polar globules, 
when follow a regular segmentation and an invaginate gastmla. 
Very early the ectodermal cells opposite the gastmla mouth 
become thickened to form the beginning of the nervous system. 
The gastmla stomach elongates, becomes divided into three 
divisions by constrictions, bends upon itself, and finally unites with 
the body-wall, and the anus breaks through at a place which 
correqmnds to one end of the blastopore, which has in the mean- 
time bccmne elongated. Cilia make their .appearance,iat first as 
a comidete covering, then becoming constricted to a broad 



LIFE HISTORY OF THALAS8EMA. 897 

band in front of the blastopore, and finally taking the form of 
two definite rows of large locomotor cilia, one pre-oral and one 
post-oral. Later, a third, a peri-anal ring, is developed. The 
larval form thus reached is a typical trochosphere. This larva 
continues for a long time free, leading an active life and growing 
in size and complexity. The second part of the nervous system' 
makes its appearance as a ventral ectodermal thickening, occu- 
pying thus the position of the closed lips of the lengthened blas- 
topore. The two parts of the nervous system are tlius at first 
completely separate. The muscnlar system arises from two 
mesodermal bands appearing near the anus, but growing forward 
and becoming distinctly segmented. Kow, by a continnal 
growth, the adult form is reached. The segmentation disappears, 
the pre-oral lobe becomes filled with muscular tissue, the setae 
appear as mesodermal oigans, the anal pouches arise as ecto- 
dermal invaginations, and finally admit through their internal 
opening a large quantity of water into the body-cavity, which 
causes the animal to increase much in size. 

How long a time elapses between the first stages of develop- 
ment and the close of free existence is not known. It varies with 
conditions, food, temperature, etc. Finally the larva finds its 
permanent home in some cavity in a sand-dollar shell. Here, by 
means of its pre-oral lobe, whidi has now become long, fiexible 
and muscnlar, and by the aid of secretions from dermal glands, 
it arranges for itself rough chambers in the sand with which the 
shell M filled. In this chamber it remains a prisoner. Here it 
grows to maturity, completely protected from external attack, 
and finding sufficient food in &e small amount of organic matter 
adhering to the sand, which it passes through its alimentary canal 
in great quantities. Its only means of communication with the 
exterior is through the small oral opening of the sand-dollar 
shell, and through this it must obtain all its food and cast its 
sexual products when mature. 

The development of Thalassema and Echinms, taken together 
with their adult anatomy, enables us to determine decisively the 
relations which they bear to other worms. The Echiuridae are 
undoubtedly highly modified annelids. Comparing their develop- 
ment with that of other annelids, we can come to no other con- 
clusion. The early stages of very few annelids have been studied, 
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and in moBt cases the line of development has been modified by 
secondary causes (food-yolk, etc.), to enable ns to make ont the 
true history. But, with the appearance of the trochosphere, the 
two groups can be closely compared. Compare Thalassema 
trochosphere with Folygordius,* or with Serpnla, and the resem- 
blance, even to points of histological detail, wilt be found to be 
very striking. The further development shows, likewise, the 
same mesodermal bands, which give rise in each case to a seg- 
mented mesodermal system. In both groups we find the same 
double origin of the nervous system, the cerebral ganglion 
appearing very early at the anterior end of the larva, ao^ the 
ventral chord arising later as a series of paired ectodermal thick- 
enings. 

From the trochosphere the two forms soon, however, branch off 
from each other and take slightly different lines of development. 
In ordinary annelids the post-oral lobe elongates greatly, while 
the pre-oral lobe is relatively much reduced. In the Echiuridae 
the elongation of the pre-oral lobe nearly equals that of the post- 
oral lobe. In the ordinary annelid the pre-oral lobe becomes the 
head-segment, containing the cerebral part of the nervous system, 
and having the mouth at its ventral posterior limit. In Echi- 
uridae it becomes the pre-oral lol)e, with like relations to nervous 
system and mouth. In ordinary annelids the segmentation 
remains as an adult characteristic. In Echiuridae it is only an 
embryonic feature, and soon disappears. * 

There can be no doubt, then, that the Echiuridae are annelids. 
It is evident, also, that their relation to other annelids is not that 
of a primitive type, but of a highly-modified form in which, for 
some reason, the s^mentation has been lost. Folygordius 
stands at one extreme, the Echiuridae at the other. It is hardly 
safe to speculate as to the reason for the loss of segmentation, 
but we can at least go so far as to say that it probably arose in 
connection with the elongation of the alimentary canal, and was, 
indeed, perhaps caused by this, since the lengthening of the 
canal would of necessity cause the disappearance of internal 
segmentation. With this modification, other changes in adnlt 

’ Agassiz. On Young Stages of a Few Annelids. Annals at Lyceum of Nat. 

New York, VoL VIII, 1866 . Also Hatsehek. Arb. a. d. Zool. Mit 
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anatomy have arisen. The setae have disappear^, with the 
exception of a single pair. The segmental organs have become 
much changed. Two pairs in the anterior part of the body 
become sexual pouches, and a single pair be(»me very highly 
developed, and fill the function which the whole system origi- 
nally filled. These are the so-called anal pouches. All the rest 
have disappeared. The body-cavity, being no longer divided 
into chambers, and being filled with a peri-visceral finid, makes 
the demand for a circulatory system of less importance, and we 
consequently find this system has become much reduced in 
extent, and is confined chiefly to the pre-oral lobe, into which the 
body-cavity and peri-visceral fluid do not extend. And all of 
these changes we can easily understand as tlie result of the loss 
of segmentation. 

Thalassema and Echinrns must therefore be regarded as 
annelids which have lengthened their alimentary canal and 
simultaneously lost their segmentation. Bonellia, though classed 
with the Gephyrea armata, differs so mucli in its development 
from these two forms as to make it at least doubtful whether there 
is any close relation between them.* These differences may, 
perhaps, be partially explained by the fact that, while Thalassema 
has a perfectly free embryo from the beginning, and consequently 
an ovum with its food-yolk uniformly distributed, Bonellia has 
a stationary ovum, and one in which the food-yolk is massed so 
as to give rise to an epibolic gastrula. The other so-called 
Gephyrea differ so much from the Echiuridae, both in adult 
anatomy and in embryology, as to make it certain that their 
relations are veiy distant, and that there is no propriety in 
classing them together in any one group. 

EXPLANATION OF PLATES. 

Plate XX. 

Fioubb 1. — Unfertilized ovum. 

Figs. 2-4.— -Extrusion of first polar globule. 

Fig. 6.— First resting period. 

Figs. 6-7.— Extrusion of second polar globule. 

'SpengeL Beitriige z. KenntDUB d. Oeph. Mit. a. d. Zool. Stst. zu Naples,^ 
Vd. I. 
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FiO. 8. — Dmaion of first polar globule. 

Fig. 9. — Second resting stage. 

Figs. 10-12. — Segmentation. ' 

Fig. 13. — Showing striated structure of gelatinous mass between 
ovum and vitelline membrane. 

Plate XXI. 

* 

Fig. 14. — ^Third resting stage of ovum. 

Fig. 15. — Optical section of ovum, with thirty-two segments, 
showing segmentation-cavity. 

Fig. 16. — Section through gastrula. 

Fig. 17. — Embryo showing stomach and oesophagus distinctly 
separated. Partially an optical section. 

Fig. 18. — Older embryo from side. U, blastopore. 

Fig. 19. — ^Embryo of twenty hours showing first appearance of 
mesenchyme-muscles. , 

Fig. 20. — Slightly older embryo from the dorsal side, showing 
appearance of constrictions to separate stomach from intestine. 

Fig. 21. — Ectoderm of trochosphere, showing gl, ectodermal 
glands; em, ectodermal muscles; p, pigment-granules. 

Fig. 22. — Showing cerebral nervous thickening from the side. 

Fig. 23. — The same in the dorsal view. 

Figs. 24-26.— Fully-developed mesenchyme muscle-cells. 

Plate XXII. 

Fig. 27. — ^Full-grown trochosphere in optical section, m, mouth; 
0 , opening of oesophagus ‘into stomach ; an, anus ; cc, long cilia 
guarding oesophagefd opening into stomach ; cr, ciliated ridge ; mb, 
mesodermal bands; me, mesenchyme muscles; me, muscle uniting 
stomach and oesophagus ; oe, oesophagus ; po, pre-oral ciliated ring; 
pro, post-oral ciliated ring ; tt, stomach ; ve, ventral cilia ; vim, longi- 
tudinal muscular band. 

Fig. 28. — Same larva in surface view. 

Fig. 29. — Optical section through ciliated region near month. 

Fig. 30. — ^Ectoderm after treatment with osmic acid. 

Fig. 31.— Same before treatment. 

Fig. 82. — Optical section of ciliated region near dorsal rarface. 

Fig. 33. — Optical section through posterior end of the body. 

. Fio. 34.— Section through oesophagus. 

Fig. 35. — Ciliated bond teased in acetic acid.. 

Fig. Sdji^Ciliated region showing Iwge cells from which the dOia 
arise. ^ 
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Fio. 37. — Ectodermal cells. • 

Fio. 38. — Endodermal cells. 

Fio. 39. — ^Epithelial mascle-cell (?). 

Fio. 40. — Section through stomach, just below the oesophi^s, 
showing gland (?) cells. 

Plate XXIII. 

Fio. 41. — Section through ventral part of body showing origin of 
a paired nervous chord. 

Fia. 43. — Larvae several weeks old. 

Fio. 43. — Same a few hours later, after the absorption of water. 

Fio. 44. — Section of testis. 

Fio. 45. — Groups of spermatozoa mother-cells floating around the 
body-cavity. 

Fig. 46. — Groups of developed spermatozoa clinging together and 
floating in the body-cavity. 

Fig. 47.— rSection of ovary, ov, ova; n, nuclear bodies. 

Fig. 48. — Group of ova floating in body-cavity. 

Fig. 49.— Highly-magnifled section of the edge of an ovum, just , 
before it enters the sexual pouches, showing peculiar, striated surface. 

Fig. 50. — Section of mature ovum from sexual pouch. 

Fig. 51. — Section through a sexual pouch, showing its opening 
into the body-cavity, guarded by the upper lip, uZ, and lower lip, ll, 
and the external opening, eo, to the exterior. 
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.THE PBOSOBRA.NCH GASTEBOFODS. By J. 

PLAYFAIR MoMUBBIOH, M. A., Ph. D., Instructor in t^ 
Johns Hopkins UniTcrsity, Baltimore, Md. With Plates XXIV, 

, XXV, XXVI, XXVII. 

In the following pages I propose giving an account of certain 
features in the development of some of the marine Frosobranchs, 
and of the theoretical considerations suggested thereby. The 
materid upon which my observations were made was collected 
during last summer at the Marine Laboratory of the University 
. at Beaufort, N. 0. Certain observations were made upon the 
fresh material while I was at the seaside, but all section-cutting, 
etc., was performed during the past winter on material pre- 
served, for the most part, by treatment with corrosive sublimate 
and alcohol. Ferenyi’s fluid was also employed, but the results 
were not satisfactory, the reagent causing excessive swelling 
imd distortion of the eggs containing much yolk-material. 

Fvlgwr eariea formed the principal subject of investigation. 
The e^-capsnles of this species are well known and will not 
require description here. Feude^ria ^v2^ra,vsr.<2Mtons, was also 
the subject of study on some points, its triangular capsules being 
very common on the mud-flats in front of the Laboratory. In the 
same locality were to be found, fastened to stones, etc., in large 
clusters, capsules (FI. XXIV, Fig. 2) of a columnar shape, flattened 
upon one side, truncated above, and tapering slightly below, where 
theyniiite with a parchment-liko expansion covering the surface of 
tire olgect upon which they are deposited. They are about ISpum^ 
^ h^ht, hnd in all clusters of large size certain of them were of 
A, more or less decided pink color. On two or three occasions 
iibnhd in connection with them specimens of Purpur9floridcmaf 
.blii could not iwtisfy myself whether they were there for ovo<^ 
j^^km or for predatory pu^oses. Mr. Geo. W. Tiyon, J’r.^ 
flr^-kiibwn oonchologist,' in reply to my inquiries, Undly'^ 
me aketehea of the capsules of a spebies of (not 

which bear some resemblance to those <|||eeinin{g| . 



vwhic^ I'derir^ infoimation, and like them many preaente^^^ 
pink coloration. Mr. Tryon beliCTes there can be little dohht 
but that the. capsules under discussion belong to Putpu/ta 
Jloridand, and I shall in the following pages speak of them as 
helon^ng to that form. 

Cre^piivla f(mde^ and oonuesea were observed /to a 

slight extent. They deposit their ova in capsules, which are retained 
beneath the shell of the parent, and are in consequence deUoate 
and not parohment-like, as in most of the other marine Froso- 
branchs. They form a number of irregularly shaped pouches 
attached at nearly the same spot to the shell of Ziniutos, or 
‘ whatever it may be on which the parent lives. 

I also obtained a few capsules in the trawl, which Professor 
W. H. Dali has allowed me to compare with some unpublished 
sketches of his own, and which I have thereby been able to 
identify as belonging to Pupleura c&uAata. The number of 
these capsules obtained was very small, and I. was only able to 
ascertain from them the general plan of segmentation which 
the ova follow. 

L— THE OVUM AND THE NUTRITION OF THE 
EMBRYO. 

V 

Each capsule of FvUgur contains only a few eggs, the number 
averaging about 12 or 14. The eggs are exceedingly laige, and ' 
somewhat oval, measuring 1.5 mm. in their long and 1 mm. in 
their short diameter. They are imbedded in a large quantity of 
albuminous material, and contain a very lai^e amount of yolk, 
whence results their extraordinary size. The yolk consists of 
numerous round and oval grannies, varying in size ftota 
.<)04 mm. to .07 mm. in diameter, closely packed together. Tbe 
diemical nature of these granules seems to be entirely. unknow %5 
very little work having been done, in fact, on the eggs, - 

forms except the Vertebrata. The brief account given to 
Diptionaiy of Ohemistiy of the observations of Valenciennes Aitoi 
i^my on the moUuscan egg would lead one to conctodd 
toeee. tofeetigators had studied toe albuminous 
twhiehtoe ^gg8v«reiimbedded^^ of toe bgg-^lk its^l^ j^ 

to-|^)^.to$|^en' toe; ’qgg-eapsulft^for: toe'^egfP'.. 
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•Ibservationa are not irt all extennv^ bnt have laffioed to abo# 
tote proteid natore of the granoles. With Hillon’e reagent th^ 
give the cbaracterietic pink color, and with nitric add the Inright 
yellow coloration even without the addition of ammonia or 
eanstic potash. Grannies which have been treated adth corroshrci 
snblimate and alcohol are qnite insoluble, but unfortunately 
I cannot state whether or not they are soluble before this .treat- 
ment. Wameck, however, according to Fol (11), states that ini' 
unfertilized eggs they are insoluble when the egg is crushed w 
water, but afiter fertilization are soluble under the same con- 
. ditions, and argues therefrom the occurrence of a profound 
oheihical change of the food-yolk as a result of fertilization. All 
these facts tend to establish the proteid nature of these granules. 
Blochmann (2) describes in the ova of Neritma 
Mdll., large yellow globules of food-yolk. The smaller of these 
he states are soluble in ether (also in alcohol), while the larger 
ones are unchanged. He concludes, therefore, that the smalldr 
food-globules are of a fatty uature. With the granules otFulgur 
I obtained no such reaction, neither the large nor the small 
granules being altered in any way by alcohol, ether or chloro- 
form, and I have no doubt but that all, both large and small, are 
of the same nature. One interesting reaction I may mention, 
although not of chemical importance. From their general 
appearance I at first considered that they might possibly be 
amylaceous, and tried the effect of Schultz’s cUor-iodide of zina 
By it they were stained yellow, and at the same time were 
differentiated into two portions, a central portion lees deeply 


colored, and an outer or peripheral portion of a brown ooltor. 
In small grannies (Fig. 1 a) the central portion is quite small^ 
the peripheral portion constituting the greater part of the 
granules, but in laiger ones (Fig. 1 h and c) the reverse is 
oas^ the peripheral being in the largest granules almost reduced 
a membrane surrounding the laige, light-colored oeptrad 
pbirtion. This may be due to the action of corrosive sublimate 
iwliioh toe grannies bad previously undergone. In some respeefit 
. toeie molluscan yolk-granules remind one of toe so-oallecliaail^ 


htoeoUB bodies found in certain flagellate Infusoria^ Sn<to >de 
: and Hy own observations (flO) of 

'i|ll|ito;fli*ee semed to to<m toxat'toey#ere not amylapeepli^I^ 
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were not carried far enoqgli to yield any positive results. It is 
qnite possible that ftirther investigations may prove them to be 
proteid, and veiy similar, therefore, to the grannies in the mollns- 
can egg. A study of the food-yolk of the ova of various inverter 
brate groups would, it seems to me, yield results of no little 
interest and perhaps importance. 

In Fvhgwr all the ^ga contained in each capsule develop, but 
this is not the case in some other forms 1 have examined. The 
e^-capsules of Purpura Jloridana are, when newly deposited, 
white or slightly yellowish, but after a few days become of a 
pinkish hue, which increases in intensity as development proceeds, 
until the capsules become of a deep magenta color. This'was 
found to be due to a change in color not of the capsule itself, 
but of its contents. Numerous eggs measuring 0.096 mm. are 
contained in each capsule, and all undergo segmentation; but as 
segmentation proceeds many break down, their yolk-granules 
assuming the magenta hue Spoken of above, and are devoured 
by the einbryos which have not undergone this disintegration, 
so that they become filled with magenta-colored grannies, their 
provisional excretory cells also assuming the sanie hue. The 
breaking down and disintegration of the ova commence at a 
comparatively early sta^e, in some cases as early as the fifth or 
sixth stage of S^mehtation — i. e., when one embryo consists of 
four macromeres and twelve or sixteen micromeres. 

In Cr^pidMa fomicata^ plana and oonvem each pouch 
contains a comparatively large number of eggs, all of which 
seem to be at much the same stage of development. A few of 
the ova apparently break down, as in Purpura florida/My and 
are used as food by the surviving embryos; but the process is not 
so evident as in Purpura, nor do the food-granules assume a 
magenta color. 

An extreme case of the same phenomenon is exhibited in 
Paseiolaria UiUpa, var. diatana. Each e^^apsnle of this form 
contains a lai^ number, perhaps two hundred, of ova, measuring 
about 0.25 mm., imbedded in the usual albuminous substance, 
and containing much yolk. Of those, however, only four or sip; 
ever develop, the rest being swallowed by the developing embiyps 
and used as food. The non-devdoping egg4 do not even segment 
ii6r pndi onVlK>lar globule^ nor do they break do^ or dii^ 
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integratOi bat are ingested entire by the embryos, so that at an 
^ly stage one of these appears to consist of a number of oiva 
bound together into a ball furnished with a velum provided with 
two large provisional urinary bodies on its lower surface. 

Similar- phenomena have been observed in other molluscan 
ova. Selenka has described for the Opisthobranch T&rgipea (26) 
a segmentation which proceeds without any r^ularity whatever, 
some of the spherules, in fact, being thrown off and becoming 
quite independent of the ovum. These develop cilia and move 
about in the interior of the egg-membrane, forming Von Nord- 
mann’s parasitic Gosmellae.” This phenomenon, however, can 
hardly be considered normal, and it is not stated that these 
separated spheriiles are .ingested by the embryo so as to be 
of use in its development. Keren and Danielssen (16) describe 
a process much more to the point in Bueemum undaitmiy in 
which they describe a conglomeration of numerous ova to form 
a single embryo, some of the ova, however, developing inde- 
pendently for a time, but eventually degenerating and dying. 
A similar process also occurs in Purpura lapillua. Carpenter 
(10) investigated the development of this latter form, disputing 
the views of Koren and Danielssen, and concluding that of the 
600-600 eggs in each capsule only 12-30 which develop are true 
ova, the rest being yolk-spbemles, which divide without any 
regularity into 14 or 20 segments, and are then swallowed and 
used as nutriment by the developing embryos. Selenka, much 
later (27), also studied Purpura and recognized the correctness 
of Carpenter’s observations. He does not regard the segmenti^ 
tion of the sterile eggs as equivalent to that of the fertile ones, on 
account of its irregularity, its absence in some cases, the absence of 
a nucleus in these eggs, and its presence in the fertile ones (and noit 
the reverse, as Fol (11) states in the brief abstract he gives of 
Selenka’s paper), and the similarity of the spherules to the 
food-yolk of the fertile ova. In Beriima flumoBUSf of the 70-90 
ova contained in each capsule only one develops to maturity^ the 
r^ainder being used as nutriment. Bloebmann '(9) shows that 
in all the ova in each capsule the polar globules are excreted 
witii the usual karyokinetic changes in the nucleus, and the 
.feptale pronuoleus is formed in the normal manner; but snbse- 
q^nmtly to tliese processes a difference can be noticed, the single 
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fertile egg segmenting regularly according to the usual Gasteropod 
type, while in the sterile ova no such regularity can be perceived, 
although they too segment. Blochmann argues that the regular 
segmentation of the fertile egg is due to the penetration into it 
of the male pronuclens, and that the sterile ^gs are unfertilized. 
In this he agrees with Biitschli (9). Lastly, Brooks (5) states 
that all the 6-20 ^gs contained in a capsule of Uroaotlpmai 
normally undergo development, but occasionally a partially 
segmented egg or more advanced embryo breaks down and is 
used as nutriment by the survivors; *^but, while this method of 
furnishing the young with food appears to be normal with 
Purpura XapiUuSj it is accidental and exceptional with 
UrosalpinxP 

This last case seems to afford a clue to the manner in which 
the phenomena seen in FaseiolcMria, Purpura lapUlus, etc., 
have been brought about. An occasional egg in a capsule- has 
from some cause or other broken down, and has been drawn 
into the digestive cavity of the developing embryos. This 
process, having proved useful, is continued, and an arrangement 
such as I have described above for Pv/rpwra fioridcma obtains. 
From this it is but a step to what occurs in JBucdnum, Purpura 
lapUlm and Neriima. In Fasoiolcma the process is, as far as . 
we know at present, at its culmination. 

It does not seem that the breaking down of certain embryos 
was primarily due to a want of fertilization ; in Uroaalpinx the 
development proceeds too far and too r^iilarly to allow of this 
supposition ; and the same remark applies to Purpura floridana. 
But we may imagine that in certain forms too little yolk was 
formed for the number of ova deposited, some change in environ- 
ment perhaps making it advantageous for the embryos to be re- 
tained within the capsules for a longer time than formerly. Some 
of the ova, then breaking down, were used as nutriment by the 
survivors, which were thus enabled to persist and develop 
daring their prolonged retention within the capsule^ This pro- 
cess might be seized upon by natural' selection and increased by 
it mntil'it became a regular process of the development: Little . 
change would bo produced upon the structure, ftinction or activity 
of the various parts of the reproductive organs of the pafent 
yhen such a process obtained, but it is easy to see how the 
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vabeence ^ it could by natural Bclection have modified the relatiye 
activity of the germ-producing and yolk-producing portions of 
the female reproductive otgans. An example of this is to be 
found in Fvtlgur. It is highly prdbable that the deposition 
of large numbers of ova was the general rule, but in Fvdgur the 
ova are few. Instead of continuing to produce the same num* 
ber of ova, when subjected to the same conditions as the forms 
just mentioned, Fulgury or its ancestors, diminished the num- 
ber of germs produced, while continuing to secrete the same 
amount of yolk as heretofore. The case is interesting as illus- 
trating how natural selection can accomplish the same end 
working along two entirely different lines. 

It is somewhat difficult, however, to understand how such a 
curious phenomenon as the death of certain individuals tor the 
benefit of others of the same brood could have been perpetuated 
by the great law. Instances where the death and use as nutri- 
ment of certain germ-cells are produced by the active aggression 
of others present no difficulty, but this does not seem to obtain 
in the cases under consideration, the death of the embryo having 
apparently no relation to attacks of the others. However this 
may be, another factor steps in, and, in cases where the phe- 
nomenon is advanced to any great extent, seems to be invariably 
present. This is the non-fertilization pf the majority of the ova, 
whereby it is impossible for them to develop to any great 
extent, and whereby they naturally break down when they have 
endeavored to segment. We see this in Neritma, Bucoinum 
and Pwpura lapiMus. In Fasciolaria, as stated above, the 
process reaches its climax, and in this ease the sterile nutritive 
ova do not show the least trace of segmentation, nor do they 
even show signs of maturation. A nucleus and protoplasm is, 
however, present, as can be readily seen in sections through 
embryos which have ingested a number of the sterile ova, in 
which sections of the ova will of course be present. It seems 
quite certain that the arrangement in Fasdokuria is simply & 
continuation and specialization of what occurs in other forms, 
and that we have a fairly complete series of the steps by which 
the process has been brought about, beginning with such a form 
as and terminating with 

;< It ic quite conceivable that further specialization yet may 
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obtain and a case occur in which the nutritive ova do not possess-i 
a nucleus and are simply masses of yolk. The nucleus and pro> 
toplasm in the sterile eggs of Faaeiclcma is apparently a waste 
of substance, and the parent would economize by retaining i]t. 
So far as I know, such a case has not yet been described, but it 
is not improbable that it exists, or, if not, it is likely that it will 
eventually be produced from a form presenting a condition 
similar to what we now find in Foadolaria. 

II.— THE SEGMENTATION AND FORMATION OF THE 
GERMINAL LAYERS. 

{a.) JDeacriptvoe. 

In the earliest stage of Fulgur I obtained the polar globule 
was already formed. It was a comparatively large body (PI. XXIV, 
Fig. 8y>&) containing yolk-granules apparently, but nevertheless ■ 
more translucent than the ovum. Owing to its opacity I was 
unable to perceive any of the karyokinetic changes which precede 
its formation, nor was I able to detect any of these changes in 
the cases of the segmentation-spherules for the same cause. A 
*»mgle polar globule only is formed in Fvlgv/r ,* I am certain as 
to this fact, having carefully searched for a sign of a second 
without success.^ In Foadolaria, Pwrpura, and other forms in 
which I have observed their appearance, the polar globules are 
almost invariably two, and much smaller than in Fulgw, agree- 
ing in this respect with what occurs in the majority of forms 
observed. On no occasion did I observe three or more globules, 
as Biitschli and Blochmann have described for NeriU/m (9 and 
2); it is to be noticed, however, in this case, that two globules 
only are formed directly from the ovum, the third or remaining 
globules being formed by division of one or more of these after 
their extrusion. 

. I have followed the segmentation in Fvlgur more completely . 
than in any other forms, and will therefore give first an account 
of what obtains in that species, indicating only briefiy what I . 
have ndtioed in others. ^ 

After the extrusion of the single polar globule the ovum of 
Fulgur eariea elongates somewhat, and soon the first segn^centa- 
tion-furrow appears,, transverse to the long axis of the ovum, and 
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dividing it in a plane which passes throngh the point where the 
polar globule was extruded (Fig. 4). The ovum is by this 
Ibrrow divided into two spherules of equal size. They are 
almost completely separated, and each spherule becomes spherical, 
but soon they are attracted towards each other again and become 
flattened along the surface by which they are in contact, so that 
an ovum at this stage might readily be mistaken for one in which 
the flrst division had not yet been completed. • This partial 
fusion of the spherules is. succeeded by the second divisiob, 
whereby the four spherules of the third generation are formed 
(Fig. 5), the dividing farrow being in a plane at right angles to 
that of the first division, but like it passing throngh the point 
where the polar globule was extruded. If we consider the 
position of the polar globule to indicate a pole of the egg — and 
subsequent development shows that it does — then both these 
farrows are vertical or meridional and divide the ovum into four 
equal spherules. The same phenomena of complete separation ' 
and partial refnsion seen in the case of the spherules of the second 
generation are repeated in those of the third. 

At the pole of the egg at which the polar globule occurs, and 
which may hereafter be termed the formative pole, an aggre- 
gation of protoplasm occurs at the point where the four spherules 
meet in the centre (Fig. 6 pra). This protoplasm is derived 
from the four spherules, and a section through an ovum in this 
stage (PI. XXY , Fig. 12) shows that that portion of the protoplasm 
formed from each spherule remains more or less distinct, so that 
one might more properly speak of four aggregations of proto- 
plasm, one at the formative extremity of each spherule. In the 
sections of this stage no nuclei could be distinguished, but a 
radiating arrangement of the protoplasm could be detected in 
each aggregation. It is probable that, had the sections been of 
an ovum at a slightly earlier or slightly later period of this 
stage, or had reagents more favorable for the observation of 
kaiyokinesis been employed, it would have been evident that 
nuclei wore really present, and that this radiating arrangement 
was merely an indication of approaching division. This division 
taking place in a plane at right angles to those of the two pro- 
ceeding divisions, and therefore equatorially, four small spherules 
are separated off containing no yolk-granules, but entirely com- 
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posed of protoplasm. The fonrth generation of ephernles thns 
consists of fonr small protoplasmic spbernles — the micromeres-^ 
and four large yolk-containing spherules — the macromeres. The 
entire amount of material which formed the protoplasmic aggre- 
gation preceding this division does not seem to he used up in the 
formation of the micromeres, since on. surface view they are seen 
to lie in the centre of a protoplasmic area, each micromere being 
opposite a macromere. The rotation of these first micromeres 
through an angle of 45°, whereby they come to lie opposite the 
furrows separating the macromeres, and therefore alternate to 
these, and which has been described by several authors for other 
Prosobranchs, I did not observe, and it would appear that it does 
not obtain in Fulgur. It is quite probable that this is due to 
the fact that the protoplasm from which the spherules of the 
following generation are formed is already aggr^ated at the 
formative pole, and is not, as it seems to be in other instances, 
aggregated as it is required in-th'e process of division. 

The number of macromeres is not increased in subsequent 
stages, but the protoplasm they originally contained is employed 
in the formation of additional micromeres; they tend to fuse 
more and more as development proceeds, until finally, at the 
period when the organs b^n to differentiate, all trace of the 
furrows originally separating them disappears. 

The four micromeres which form the spherules of the fifth 
generation are derived from the abrogated protoplasm .pe- 
ripheral to the micromeres of the fourth generation (Fig. 7). 
They lie opposite the furrows which separate the macromeres, 
and therefore alternate both with the macromeres and with the 
micromeres of the fourth generation. A section passing some- 
what obliquely through the blastodermic area of a later stage 
(FLXZY, Fig. 13) shows the nuclei of the spherules of one geneia- 
tion, but' not those of the neighboring spherules. On either side 
of these latter is seen the aggregated protoplasm {jprd) not y0t 
separated, from the macromeres. To one side of the blastoderm 
and, below it a more or less distinct cavity is to be ^n, con- 
taiuing granular matter. It is possible that this may represent 
the segmentation cavity, though it. does not appear to be present 
in all cases. A very, great disproportion in size between i^e 
nuclei of the nnseparated protoplasm and those of the fonrth 
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generation is noticeable, and in all sections of this and later 
stages which showed the nuclei of the protoplasmic aggregations 
their size was very characteristic, being four or five times the 
size of the nuclei of the spherules, and in addition usually 
contained numerous nucleoli — nine in one instance— the largest 
nearly equaling in size the nucleus of a separated spherule. 

The four micromeres which form the spherules of the sixth 
generation are formed by the division of the micromeres of the 
fourth generation. 

The succeeding stages of the segmentation I did not follow in 
detail, but can state that they result in the increase in the 
number of micromeres, partly by the division of those already 
formed, and partly by the separation of new ones from the 
macromeres. When a considerable number of micromeres have 
been formed, but while they yet occupy only a very small portion 
of the area around the formative pole owing to the great size of 
the macromeres, a phenomenon occurs of which I have found no 
mention in descriptions of the development of other Mollusca. 

On surface view three elongated elevations (PI. XXIV, Fig. 8, 
eH) are seen radiating towards the centre of the blastodermic area, 
but not extending centrally farther than the edge of the area, 
and lying rather alternate with the macromeres than opposite 
them. What the significance of these elevations may be it is 
not easy to say, but sections through ova at this stage show thorn 
to be coincident with the first formation of the mesoderm. Such 
sections, taken from difierent series, are shown in PI. XXY, Figs. 
14 and 15, and from them it can be seen that the blastoderm, 
which consisted heretofore of a single layer of cells, now begins 
to be double, one cell {me) lying distinctly beneath the others. 
This I take to be the first mesoderm cell. Fig. 14 shows on the 
side of the blastoderm opposite the mesoderm cell an unseparated 
protoplasm m^s {pra) with its large nucleus, similar to what 
has been described above. By tracing a series of sections only 
three snch protoplasmic masses can be seen, the mesoderm cell 
apparently corresponding to the fourth, and this is supported by 
what is sWwn in Fig. 15. This section is somewhat oblique, so 
that the protoplasmic a^r^te opposite the mesoderm coll is not 
shown, but the mesoderm cell itself (ms) has an appearance 
semewhat similar to that of a protoplasmic aggr^te, being 
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luge and possessing a laige nuplens containing nucleoli. The 
cell above it also has a laige nucleus, but it is well separated off, 
and cannot represent a protoplasmic aggr^ate, but probably has 
recently been formed by division. If this iilterpretation of the 
seotions be correct, it would seem that the macromere which does 
not show an elevation on surface view is the one which gives rise, 
to the mesoderm, but what may be the cause of the formation of 
the elevations on the other macromeres is to me quite uncertain. 
I think it is safe to conclude that the mesoderm arises by a 
separation of protoplasm from one of the macromeres. 

The surface view (FI. XXIY, Fig. 9) of a somewhat later stage 
shows a depression (»nv) situated somewhat eccentrically. 
External to the blastoderm and opposite each macromere is a 
small circular elevation (jpra), which previous stages and sections 
show to be similar to the protoplasmic aggregates already 
described. In many cases, beside the depression a comparatively 
' high columnu process can be seen. Sections (PI. XXV, Figs. 1 6- 
19) of this stage show that the mesoderm elements have increased 
considerably in number, and the depression is formed by an 
invagination of a portion of the ectoderm. At first I felt 
inclined to consider this the earliest rudiment of the formation 
of the shell-gland ; but its appearance at so early a stage, while 
the blastoderm is still limited to a small area at the formative 
pole of the ovum, and the study of later stages, which showed 
that 4he shell-gland did not form until much later, speedily 
allowed the incorrectness of this idea, and convinced me that I 
had here to do with the invagination of the ectoderm which Blodh- 
mann (2) had described for Neritina, and . with which the 
depression seen by Sarasin in Bithynia (24), and marked x in his 
figures, is probably identical. A series of sections taken trans- 
versely across this invagination are shown in Figs. 16-19. In 
Fig. 16, which represents a section immediately in fiont of the 
aperture of the inv^ination, the ectoderm forms a continuons 
sheet across the blastodermic area,, and below it are' seen 
numerous mesoderm cells ; Fig. 17 passes through the month of 
the invagination, and to one side an elevation, formed apparently 
by a folding of the ectoderm and mesoderm, can be seen ; Fig. Ifi 
passes through the centre, and the elevation is seen to form a club- 
shaped procesa extending over the cavity towards its opposito 
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wall, with which in Fig. 19 it becomes continnons— a somewhat 
similar process growing over to meet it. This club-shaped process 
apparently in some cases rises up a considerable distance above 
the blastodermic surface and forms the columnar elevation men- 
tioned above as seen in a surface view. The fate of this ecto- 
dermal invagination I was unable to trace, there being unfor- 
tunately at this point a lacuna in the series of stages I had 
preserved for study. In the next stage of which I have 
specimens no trace of it can be seen, and probably, as Bloch- 
mann describes for Neritma^ it flattens out and disappeaie. 
Sarasin does not appear to have recognized the similarity of the 
depression he observed with that described by Blochmann, 
although his paper did not appear until a year after Blochmann’s. 
He describes it as a dark spot, which he at flrst took for a 
depression, but later it became clearer, a nucleus appeared in it, 
and it rounded itself off to a spherule. The significance of this 
ectodermal invagination I do not understand. It seems very 
strange that an invagination so well marked as it is in JVeritina 
and Futgwr should disappear and leave no trace of its existence, 
but so it seems to do. It is strange also that it has not been • 
observed in other forms, but probably this ia owing to the few 
forms in which the processes of segmentation have been followed 
with the necessary care, and it is highly probable that future 
observations will show its occurrence in most, if not all, of the 
Prosobranch Gasteropods. * 

As stated above, I unfortunately failed to preserve for study by 
sections the stages immediately following, that just described, 
and accordingly 1 cannot make any positive statements as to the 
processes by Which the yolk becomes surrounded by the blasto- 
meres, nor as to the formation of the entoderm. In the next 
stage of which I possess sections the ectoderm forme a continuous 
dieet around the macromeres, which have now lost all traces of 
their original separation and form a compact mass. At the 
formative pole the ectoderm has become exceedingly thin, and 
its spherules very much flattened, so that in sections it is exceed- 
ingly liable to b^me ruptured to a great extent, allowing the 
yplk-grannles to appear at the surface quite unprotected. The 
amount of yolk present in the ova of Fvlgwr proves a 
difSenlly in 'the way of preparing perfect sectionsji <m 
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account of the vhich it imparts. By preparing some 

rather thick sections 1 was able to distingnish easily the thin 
ectodermal layer at the formative pole. It has been stated that 
at the stage of the ectodermal invagination protoplasmic aggre- 
gates similar to those described in the earlier stages were notice- 
able. It would seem that in Fvlgur spherules continue to be 
budded off from the macromeres for a much longer period than 
in some other forms; thus, for instance, Blocbmann describes 
only three generations of spherules from the macromeres in 
FerUina. In JVemat, according to Bobretzky (4), a greater 
number are formed ; he describes twenty spherules as arising in 
this manner, and it is possible that more arise in the same way in 
later stages. Probably the amount of yolk present influences 
the number of spherules so formed ; in other words, the greater 
the number of spherules required to surround the macro-; 
meres, the more frequently are generations formed from the 
macromeres. 

But even after the ectoderm has completely enveloped the 
macromeres, masses of protoplasm, with large nuclei and many 
. nucleoli, similar in all respects to the protoplasmic aggr^ates of 
earlier stages, can.be observed in sections (PI. XXYI, Fig. 23, 
pra), lying sometimes inunediately beneath the ectoderm, some- 
times imbedded to a greater or less distance in the yolk-granules. 
Since the ectoderm is already complete, it does not seem probable 
that fliese give rise to new ectoderm cells, but it is not unlikely 
that they may assist in the 'formation of now mesoderm cells. 

In one series of sections through a stage in which the organs 
had commenced to form I could make out, in the neighborhood 
of the stomodseal invagination, two of these protoplasmic aggre- 
gates, as I have termed them. Apparently a certain amount of 
entoderm was already formed, but it seemed to me not unlikely, 
that these protoplasmic aggregates might give rise to additional 
entodermic elements, and that the entoderm spherules already 
present might have been formed in a similar manner. This 
would coincide, as far as it goes, with what has been described by 
Blbchmann and others for the entoderm; but any migration of 
the nuclei of certain of the macromeres from the fonnative to 
the nutritive pole, and a subsequent migration of the entodenn 
dements from the nutritive to the formative pole, as has been 
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described by the author just mentioned, I could not make out^ 
FvXgv/r is an exceedingly bad subject for the observation of the 
internal segmentation changes, but it does not seem that -the 
migration of the entoderm cells to the formative pole takes 
place, nor do Bobretzky’s (4) observations show anything of 
that kind. In E&ritina the macromeres form that part of the 
entodermal tract nearest the blastopore, while in Fvlgur and the 
forms Bobretzky studied they are pushed away, as it were, from 
the blastopore by the formation from them of new entoderm 
cells. This difference is no doubt due to the. difference in the 
amount of yolk present in the various forms. 

As regards the blastopore, it evidently occurs at the formative 
pole, and evidently closes, since, in the stages which have been 
the subjects of the preceding paragraphs the aperture can be 
detected, the ectoderm forming an unbroken sheet. I did not 
observe the actual closure of the blastopore*and subsequent for- 
mation of the stomodoeal invagination at that point, but am 
inclined to believe that that is what takes place. 

In other Frosobranchs which came under my observation 
especial attention was not given to' the segmentation. It may 
be well, however, to indicate briefly the type of segmentation 
followed by the various forms. Cr^idida and Faadoloma 
follow the same plan as Fvlgur — i. e., the macromeres are equal 
in size. On the other hand, Purjpwra floridana and Eupleura 
follow the type seen in Nassa mutoMUa. Purpura I followed 
more fully than any of the others, and the resemblance it bears 
in its mode of segmentation to Fossa is very striking. I was 
not able to follow in the same egg the formation and subsequent 
refusion of macromeres which Bobretzky describes, but I 
obtained stages with five macromeres, for instance, which leave 
little doubt of its occurrence. The descriptions we possess of 
the segmentation of Purpura lapillus leave very much to be 
d^red; Selenka’s (27) description differs so manifestly fivm 
what obtains in any other Gasteropod that it must be incorrect. 

(J.) Theoretical. 

■ .1. The occurrence of a single polar globule in Fvlgur BeeraS 
to me a; point of some significance, when the almost invariable 
presence of two or more in other forms, end the peculiarities of 
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the ova of F'tdgvTi are taken into account. The idea snggestB 
itself that there is some relation /between the polar globnles and 
the- amount of yolk present in the ovum, or, to put it more 
definitely, that the relative amounts of yolk and protoplasm 
present in the ovum influence the formation of the polar 
globules. A study of the literature appears to give support to 
this idea, although it also seems to indicate that there are other 
factors entering into the question. It will be .unnecessf^ to 
refer to gronps such as the Annelids, in which the polar globnles 
are always produced in a typical manner, but it will be interest* 
ing to examine those in which their formation varies, and to 
observe the concomitant variations in the amount and arrange- 
ment of the yolk. , 

First to consider the Mollusca. They should afford an excel- 
lent criterion for the correctness or incorrectness of the theory, 
since we have the majority of them producing polar globules to 
the ohlinary number, and showing no great disproportion of yolk, 
Fvlgw producing only one and ' possessing a relatively large 
amount of yolk; and should the Cephalopoda, which have 
a great excess of yolk, prove to have none, the series would be 
complete. I possess, however, no facts as to the production of 
polar globnles in the Oephalopods, the only papers on the 
development of forms belonging to that group to which I have 
access — those of Brooks, Orenacher, and Lankester (in abstract) 
— ^making no ntention of them. I am strongly inclined to 
believe that the peculiar s^mentation of Cah/piraa described 
by Stecker (28) is an error, due to his mistaking the polar 
globule for the first micromere. It seems not improbable from 
hie description that Cd/yptraa agrees with Fulgw in the pro- 
duction of a single polar globule, and with this is associated a 
comparatively larger amount of yolk. Gases in which the 
macromeres are formed unequal in size, as in Fastay the 
Fteropods, etc., would seem directly opposed to the hypothesis 
we are considering,,bnt the peculiarities of segmentation in these 
forms are not so much dependent upon the presence of a very 
laige proportion of yolk as upon the manner of its distribution. 
It is not improbable, in fact the very reverse, that the propor* 
tion of yolk to protoplasm is much less in the ova of itTassa, etc*/ 
than in those of 
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Afl to the Arthropoda, our knowledge of the processes of matu- 
ration and fecundation of the ovum is as yet very fragmentary, 
and it is only very recently that any forms of the group have 
been definitely ascertained to produce polar globules. In certain 
cases where one would expect them to be formed, as in Lucifer 
(Brooks) and Penmis^ they have not been described ; but, on the 
other hand, in a- small but increasing number of forms which 
possess a comparatively small amount of yolk, structures which 
have no doubt correctly been homologized with polar globules 
have been found. Thus, to give a list of cases which I have been 
able to find, both Kennel (44) and Sedgwick (54) have described 
two polar globules in Peripatu8\ Qrobben (35) observed two 
polar globules form in Geioohilu8\ the same author (34) has 
described in Moina a body, lying at the animal pole of the egg, 
but not separated from it, which he considers a polar globule, 
^ but has no facts to give concerning its origin, which takes place 
within the ovary ; in a foot-note Grobben refers to an observation 
by Leydig as to the occurrence of bodies quite similar to ^ polar 
globules which lie at one polo outside the egg-membrane in 
Daphnia longispina ; Henneguy (40) has observed two globules 
in the egg of Asellus aquaticuSj one of which he saw detach 
itself from the yolk, and states that in some ova there were four 
globules, which were, however, smaller than those in the ova in 
which there were only two, and believes that the greater number 
is due to the original two globules having divided ; and lastly 
Hoek (43) describes, in the earliest stage of Balanu8 which he 
. observed, a single protoplasmic body lying between the yolk 
and the egg-membranC, which he considers a polar globule. In 
this last case there is present apparently a considerable amount 
of nutritive yolk, and it is interesting to note that if the structure 
really is a polar globule, only one is formed. In the Arthropoda 
the presence of a large quantity of yolk is the rule, its absence 
the exception ; and this fact, on the supposition that a large 
quantity of yolk influences the production of polar globules, 
explains their absence in the majority of the forms which have 
been observed. The only cases I have found in which polar 
globules, have been described associated with a relatively large 
quantity of yolk are those of Mu8ca vamitoria and Chirommm^ 
development of which has been studied by Weismann (57); 
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That the problematical bodies be describes as pole-cells reallj 
are of the natnre of polar globules seems improbable, and 
Balbiani (32) very recently expressly draws a distinction between 
the two structures in Chironomtta. According to Weismanh 
four of these pole-cells are formed after the aggregation of the 
blastema at the surface of the yolk. They afterwards increase in 
number, and in the later stages of development they again unite 
with' tlie blastoderm. 

When we consider how very recent is the discovery of polar 
globules in any of the Arthropods, it seems probable that farther 
investigation will show their presence in all forms in which the 
yolk is not in very great excess. It must be noticed, however, 
that departures from the normal occur in the formation of the 
polar globules in certain forms, such as Moina^ which cannot be 
referred to a superabundance of yolk, for we find instances — e.g., 
and many Mollnsca — ^in which, although a relatively much 
greater quantity of yolk is present, normal globules are produced. 
It seems certain that, in addition to the yolk, other factors 
infiuenco the formation of polar globules, but what these may be 
can only be determined when further data are obtained. Even, 
however, taking into consideration such cases as Moina, it seems 
to me that the evidence to be obtained from the Arthropods 
points to a correlation between the yolk and the polar globules. 

In the Chordata the state of affairs is very interesting. In 
the Ascidians, the ova of which as a rule possess little nutritive 
yolk, the formation of polar globules is the rule. Amaraaeitm., 
however, has a relatively large amount of yolk, and it would be . 
exceedingly interesting to know certainly of the presence or 
absence of polar globules in this form, In the researches of 
Maurice and Schnlgin (49) upon its development no mention is 
made of their formation, and, since stages in which they oonld 
have been seen, if present, were under observation, it seems likely 
that they were absent, although the alternative that they way 
have been overlooked must be considered, the presence of-the 
^ test-cells” rendering sneh an occurrence by no mo<ms improb- 
able. Amphioxits has, according to Hatschek (37), only one 
polar globule — a fact rather- in opposition to the idea , 1 hate' 
advanced, since in the ova of this form the yolk is mcceediniplyj 
small, aUowing of a total and regular segmentation.; , Whetiierr 
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ftttiire ob^rvations will reveal the presence of a normal number 
of polar globules remains to be seen. 

In the Yertebrata with an unequal segmentation we find a 
very decided modification of the typical arrangement. Kupffer 
and Benecke (46) have described in Petromyzon the formation 
of one polar globule before and another after (?) fertilization, 
and Scott (53) confirms the presence of the second one ; it seems 
doubtful if the identification of the first-formed structure as a 
polar globule is absolutely correct. Salensky describes (52) in 
Adpenser a veil-like body extruded from the ovum, consisting of 
a transparent, almost homogeneous substance, which he compares 
to the veil-like body described by Hertwig (41) for the Amphib- 
ian ovum. These cases accord very satisfactorily with the 
hypothesis suggested. 

In meroblastic vertebrate ova I have found only three cases 
in which polar globules or structures supposed to correspond to 
them have been described. Oellacher (51) has stated his belief 
that there is a complete extrusion of the germinal vesicle in the 
trout and the chick ; from our present knowledge of the phe- 
nomena of fecundation we must consider that bis statements are 
not altogether correct ; but, even granting that something ia 
extruded from the ovum, it is to be noticed that the process is 
much modified from that which obtains in the formation of 
typical polar globules. Balfour (33) has observed phenomena in 
the ova of Elasmobranchs which have led him to believe that the 
membrane of the germinal vesicle is extruded ; but he did not 
observe the actual extrusion of any portion of it, and his conclusions 
are therefore not perfectly reliable, as he himself has admitted. 
iNevcrtbeless, here too, granting that the membrane of the ger- 
minal vesicle is extruded, there is a . wide departure from th^ 
normal formation of polar globules. Lastly, Hofimann (42), in 
certain Teleosts, describes the germ-nucleus as approaching the 
surfaiee of the ovum and forming a Richtnngs-spindel,” the 
peripheral portion of which is extruded from the egg, forming a 
polar globule, while the central portion forms the female pro. 
nucleus. Hoffmann’s description is. so circumstantial that one 
cannot but believe that in the forms observed by him a poto 
globule is produced, but only one, and not two, as in the typical 
<Mies. In the Beptilia no structures whidi can be homologiisOd 
ivith polmr globules have been observed. 
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■ From the r^ai^hes of Yan Beneden (56) on the development 
of the Mammalia, it is certain that in the forms which have been 
studied two or three polar globules are formed ; and this is exceed- 
ingly important as bearing on the theory I have advanced, since 
concomitantly with the almost entire absence of yolk we find 
the polar globnles formed in a manner more nearly approaching 
the typical method than in any of the Yertebrata above AmpMr 
omts. That the Mammalian ovum has descended, so to speak, 
from ova with a very laige supply of nutritive yolk, there cannot 
be the slightest doubt ; peculiarities in the early stages of their 
development, and the phylogeny of the group, botli point to the 
same conclusion, and it is interesting to observe that their ova 
have not retained the rudimentary formation of polar globules 
which was no doubt characteristic for their ancestors, but have 
reverted, so to speak, to fi. more primitive condition, this reversion 
being dependent on the loss of the voluminous yolk. 

It seems to me that the facts detailed in the preceding pages, 
fragmentary though they be, point very strongly to. the correct- 
ness of the theory that the relatvoe amount of yolk present in the 
omvm injhieneea the formation of the polar glchules. In cases 
where there is an excess of formative material, the globnles are 
present, as a rule, in their typical' number and form ; but when 
there is an excess of nutritive material they are either entirely 
absent or are represented in a vei^ much modified condition. 
As stated above, however, there is little doubt but that other 
factors infinence their production, such as heredity, perhaps, and 
to their infiuence are to be ascribed certain abnormalities which 
cimnot now be explained. Until these other factors have been 
determined, we cannot form any certain hypothesis as to the sig- 
nificance of the polar globnles. 

2. Babl (22) has shown conclusively that the apparently very 
dissimilar modes of segmentation to be observed in the Gaster- 
opoda are merely modifications of one and the same type)> and 
depend on the arrangement of the food-yolk in the different ova.- 
Fol (12) previously had stated his belief in the similarity of the 
s^mentation in all the Ccphalophores, and was inclined toi)iclode 
in the saine category that of the Lamellibranchs. He offered), 
however, no explanation of the mtmner in which the yarip^ 
modifications had been brought about. It was Babl who ffrsi. 
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did this for the Cephalopbores, and Brooks (8), from his re- 
searches on the oyster, was able to show how the Lamellibranch 
^mentation conld be referred to a modification of that of the 
Gasteropods. Recently Ziegler (81) has dissented from this 
view on the ground that in the Lamellibranchs the only spherule 
in which unequal division obtains is that in which the food-yolk 
is aggregated. It does not seem that this objection is sufficiently 
weighty to overthrow Brooks’s conclusions, especially since we 
should expect exactly what occurs from our knowledge of tke 
infiuences which modify segmentation. We know that unequal 
segmentation depends on the relative amount of yolk which the 
ovum contains, and of course the same infiuence will act in the 
spherules. If, then, the greater quantity of the yolk-material is 
aggregated in a single spherule, the others being composed almost 
entirely of protoplasm, we should expect to find in the latter 
equal division, and in the former unequal. Brooks has derived 
the segmentation of the Lamellibranchs from such a type as is 
shown in Eaasa, Urosalpime, etc.; this type, however, has 
undoubtedly been derived from that in which the four macro- 
meres are equal and contain an equal amount of yolk, which 
appears to be most typical for the Gasteropods, occurring 
apparently in all the Fulmonates, the majority of the Froso- 
branchs, in the Heteropods, and apparently also may be looked 
for in the gymnosoinatous Fteropods. I would prefer to derive 
the Lamellibranch segmentation originally from one in which 
the macromeres were all equal, but they must certainly have 
passed through a stage similar to that represented by Nasaa. 

Several authors have pointed out the similarity which exists 
between the early stages of segmentation in the Mollnsca and 
those of the Turbellarians, Planarians and Hirudinea, and it 
seems to me that this similarity is of great importance. I believe 
that it is not an accidental similarity, independently acquired, 
but is a similarity of phylogenetic origin. The objections 
whicb have been niged, founded upon the difierent origin of the 
mesoderm elements in the various groups, will be discussed 
hereafter ; it will be more suitable here to discuss the origin of 
tiie.B(^mentation of the Annelids and other groups, which bear, 
through their trochophore larva, a much closer relation to the 
ICoUusca than the groups just mentioned. 
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As regards the Annelida (excluding for the present the EEirn- 
dinea)f we do not possess sufficient data as to the segmentation of 
the OligochsBta to make any definite statements regarding them; 
Kleinenbej^’s description (45) is very imperfect, no detailed 
account being given of the origin of the various spherules. It 
seems not improbable, however, that there are present four 
macromeres, two large and two small, from which four micro- 
meres are formed ; such an arrangement may be deduced from 
his description and figure. It will not be necessary to review 
fhe numerous papers on the development of the Polychseta, but 
a reference to Wilson’s paper (58), in which special attention is 
paid to the modifications of segmentation in several forms, will 
be sufficient. In all the Polychseta he investigated the amount 
of yolk was not particularly great, and a perfect correspond- 
ence with the Mollnsca can hardly be expected. In ClymenMa 
torquata four macromeres, somewhat unequal in size, develop, 
and from these four micromeres are formed, not quite simulta- 
neously, but the intervals are very small ; both micromeres and 
macromeres then divide. The resemblance of this segmentation 
to that of the Mollnsca is quite evident, and that of Areniocla 
eriatata is very similar, the micromeres, however, being larger in 
proportion to the macromeres — an arrangement carried still 
farther in Chmtopterua pergamentaoeua, where they are almost 
equal, if not quite so. It is interesting to notice that, according 
to Hatschek (39), in Eupomatm unematm (originally Serptila 
utudnuta) the four spherules at the formative pole of the egg in 
the eight-spheruled stage are slightly smaller than those at the 
nutritive pole, and this, when the quantity of yolk is so small, 
and apparently so equally distributed, that one would expect a 
perfect equality. Gan this be explained as an arrangement in- 
herited, BO to speak, from an ovum with yolk-containing macro- 
meres ? It seems to me exceedingly probable that the Segmenta- 
tion of the Annelida is to be derived from a type resembling very 
closely that of the Mollnsca, modifications of the original type, 
however, as in the Lamellibranchs, having been brought about 
by the loss of nutritive yolk, and by abbreviation of the 
development 

Our knowledge of the s^mentation processes in* the Folyzos, 
Rotifera and Brachiopoda is so slight that nothing can be eiid , 
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concerning them. Among the Gephyrea, however, Spengel^ 
observations oh JBonellia (55) show that its s^mentation is very 
like that of the Mollnsca. 

> It seems very probable, as before stated, tliat these similarities 
are of phylogenetic significance. If the doctrine that the on- 
togeny of any form is a recapitulation of its phylogeny be 
accepted, making allowance, of course, for the action of natural 
selection in the various forms, it follows that even in the segmen- 
tation indications of phylogeny may be looked for. The ovum is 
necessarily an homologous structure in the various groups, and 
all 3fotazoa pass through stages the result of which is the forma- 
tion of a many-spheruled organism; all those forms whose 
common lines of descent include the stages of spherule-formation 
should show a greater or less similarity in their modes of segmen- 
tation. This similarity will be obscured by secondary adapta- 
tions, so much so as to be almost or quite hidden, but it should 
show itself to some extent in some of the gro^s, and this it does 
in those which have just been discuss^. ^The Otcriophores 
develop by an unequal segmentation, and it is probable that 
from such ova, by the assumption of a greater quantity of 
nutritive material and by a tendency for it to collect at one pole 
of the ovum, the mode of spherule-formation which has been 
indicated as typical for the Mollusca has been brought about. 
This accords very well with the origin for the Turbellarians 
proposed by Lang (47), who refers these forms to a Ctenophore- 
like ancestor. The Nemerteans have a more regular segmenta- 
tion, but this can be explained as a secondary arrangement 
produced by loss of yolk, and the slight inequality of spherules 
which the Nemerteans do show indicates a relationship between 
their segmentation and that of the Turbellarians. The arrange- 
ments which obtain in the Trematodes and Cestodes need not be 
discussed here, nor those of Nematodes, so little is accurately 
known concerning their spherule-formation, and the conditions 
under which they, as a rule live, are so peculiar. The Annelida 
most probably have been derived from forms represented by the 
Turbellarians, and we find in the Hirudinea a similarity to the 
Turbellarian mode of spherule-formation, and, as I have briefly 
attempted to show, the Oligochsetous and Folychsstous segmeu- 
^ tation has been derived from the same type. Lastly, the Mollusca 
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Bhow through their larvae that they and the Annelida have a 
common line of descent *as far as the formation of the tro- 
chosphere stage, and their segmentation agrees wilh the common 
type which we have traced all through these various groups. It 
remains to be seen whether the Polyzoan, Potiferan and Brachi- 
opodan segmentation can be referred to the same type. 

To state definitely the idea which I have attempted to develop 
in the preceding pages, the mode of segmentation of the Platy- 
helminths^ Annelida^ Mollusca and Molluseoidea can he referred 
to a common type^ indicating that the ovum {so to speak) in cdl 
these groups has been derived from an ovum possessing a conr 
siderahle amount of nui/ritive yolk aggregdted more or less 
completely at one pole. 

That the Vertebrata may be included in the above list of 
groups seems not improbable, indications of the original type 
being shown in the unequal segmentation seen in some forms — 
e. g.j Amphibians — but 1 do not intend to discuss this here. 

< It follows from what has been said that the regular and equal 
segmentation which occurs in certain forms in several of these 
groups cannot he considered the original mode^ hxd has been 
secondarily brought about by the loss of a foodpolk originally 
present. This view is in direct opposition to that of embryolo- 
gists who have studied these groups. As Rabl (21) has pointed 
out, the ovum begins its stniggle for existence the moment it 
separates from the mother, and it is apparent that there would be 
a tendency for the ovum to acquire a store of nutritive material 
in order that it might be absolved for a time from the necessity 
of struggling for a supply of nutrition, without which its develop- 
ment could not proceed to any extent. Those forms which 
secondarily have been withdrawn from the struggle, by being 
retained within the body of the mother or in a special brood- 
cavity, would not require so large a supply of nutritive material, 
and the food-yolk in these forms would gradually be lost. 
Among the Prosobranchs Paludina is viviparous, and its ova are 
characterized by possessing a very small amount of food-yolk, 
and therefore by an equal segmentation ; and among the Annelida 
some, if not all, of the Serpulidse, which show an equal or 
nearly equal segmentation, are retained in a special brood-pouch. 
Another point, however, has to be taken into consideration^ 
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namely, that concomitantly with the absence of much food-yolk 
there is a hastening of the segmentation processes, the specializa- 
tion of the germinal layers, the development of locomotor struc- 
tures, and the formation of a digestive tract and gastrula-inoiith; 
so that the tendency to lose a supply of nutritive material might 
be advantageous to a form, by allowing it to hasten over the 
stages daring which it is at the greatest disadvantage in the 
acquisition of nutritive material. The absence of yolk in 
Amphioxus and the Echinoderms, etc., may perhaps be explained 
in this way. Moreover, the very fact that a large number of 
forms, by having a supply of nutrition already stored up when 
set free, are thus withdrawn from the struggle for food during 
the early stages of development, would render it all the more 
easy for yolkless forms to obtain nutrition during their early 
stages. 

It seems to me that the occurrence of what may be termed an 
irregular segmentation in the Lamellibranchs and the Annelida, 
accompanied by the presence of a quantity of yolk apparently 
not sufficient to produce any departure from a regular process, is 
in itself an indication of the derivation of these forms from 
ancestors whose ova possessed a comparatively large amount of 
food yolk. 

3. The early formation of the mesoderm is quite in accordance 
with the more recent researches in the Mollusca, as is also its 
origin from a single cell belonging to the nutritive pole of the 
egg. Blochrnann’s beautiful researches on Neritina (2) show one 
of the macromeres giving rise to a protoplasmic cell, which, 
divides and so forms the mesoderm; and Bobretzky’s results 
seem to indicate the same arrangement in Nassa. According to 
Wolfson (30) the mesoderm arises in LymnoRua during the 
blastula-stage from the macromeres. Rabl shows that in the 
Pulmonates (22) and Lamellibranchs (21) the mesoderm arises by 
the division of a spherule at the nutritive pole of the egg, and 
Hatschek describes (15) a similar origin for it in Teredo. In 
these last cases the primitive mesoderm cells are arranged bi- 
laterally, and are situated immediately behind the blastoporei 
The apparent differences between the results of Babl and Hatschek 
and those of the other authors mentioned above can be readily 
ftKplained. The presence of the large quantity of yolk in Fulgv/ns 
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Neritinaf UFasaa^ etc.j requires the separation of a protoplasmiQ 
cell which corresponds to the spherule in Teredo ^nd Planorbia^ 
which bj division gives rise to the bilaterally arranged mesodenn 
cells. The relation of this cell to the blastopore is also equiva- 
lent to the original mesoderm cell in Teredo^ etc. It lies 
immediately below the margin of the ectodermal bells, which 
margin corresponds to the maigin of the blastopore in the forms 
with a small quantity of yolk, the formation of the mesoderm in 
both yolk-containing and comparatively yolkless eggs taking place 
at very nearly the same time as regards the number of segmen- 
tation spherules, which brings it about that in the former class of 
^gs it is formed while the ectodermal cells are still confined to 
the formative pole of the egg, and the margins of the blastopore 
are still very widely separated. 

The researches of Biitschli on Paludma (9), and Brooks on 
the Fnlmonates (6), in both of which the mesoderm is described 
as arising from the neighborhood of the blastopore, probably 
indicate an arrangement similar to what has been described 
above ; their observations having been made witliout the aid. of 
sections, the real relationships of the mesoderm may readily have 
been overlooked. The same remarks apply to Blochmann’s 
results in Aplyda (3), in which form no sign of mesoderm was 
to be seen until a comparatively late stage, it being first clearly 
discernible at the time when the oesophageal invagination had 
formed, and then was arranged in such a manner that it appeared 
to have arisen from the sides of the invagination, which, it must 
be noticed, formed, as in Fvlgury at the point where the blasto- 
pore closed. 

There are observations, however, which cannot be reconciled 
with those mentioned above, and which seem to indicate that the 
mesoderm may arise in part in a somewhat different manner. 
l|[y study of Fvlgur shows that while the mesoderm arises by 
the separation of a cell in the neighborhood of the blastopore, 
yet in later stages it receives additions in the shape of cells 
separating irr^ularly from the macromeres. Certain observa- 
tions seem to point to the occurrence of a similar secondary 
formation of mesoderm in other forms. Thus Fol expressly 
States that in the Fteropods (11) and Heteropods (12) the middle 
layer arises as local separations from the ectoderm; and Sarasin, 
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from a study of Bithynia (24), came to the conclusion that 
although the mesoderm forms in part in the neighborhood of 
the blastopore, yet it is impossible to speak of a special mesoderm 
as distinct from the ectoderm. 

Hatschek (1*5) lays great stress upon the early appearance of a 
bilateral symmetry in Teredo^ and concludes that all the Bilateria 
come from an ovum in which bilateral symmetry is potentially 
present. I quote his own words : Und ebenso wie an der 
Keimblase wird anch schon an den Furelningstadien und auch 
an der Eizelle eine bestimmt rechte und linke Hiilfte, ein bilat- 
eral Ban bei alien Bilaterien vorhanden sein.”^ It seems to me 
that Hatschek has erred in making a generalization from a 
special and what may be called an abnormal case. As I have 
indicated above, there is reason to believe that the peculiarities 
of the Lamellibranch segmentation are due to its being derived 
from such a type as is seen in the Gasteropods. Now, in this 
the bilateral symmetry is first indicated when the mesoderm is 
formed ; previously to this one axis only can be distinguished, 
that connecting the formative ^nd nutritive poles, and around 
this axis the spherules are arranged radially, no special transverse 
axis being discernible. In Fulgur and all forms which show the 
typical Gasteropod segmentation, a bilateral symmetry is present’ 
neither in the segmentation -stages nor in the egg-cell ; it first 
makes its appearance when the three germ-layers become differ- 
entiated. Accordingly the bilaterality in the segmentation- 
stages of Teredo is entirely a secondary affair. 

But was the mesoderm itself originally a bilateral structure ? 
This is a question which presents great difiiculties, but Metschni- 
kofi’s recent researches show that in the Ctenophores, which 
probably represent the ancestral forms of the Bilateria, the • 
mesoderm is a bilateral structure. If we assume the Gastrsea 
theory to hold in so far as the Bilateria, including therein the 
Ctenophores, are concerned, thus omitting the moot-point as to 
its applicability to the typical Coelenterata, in the lino of descent 
of the Bilateria we would have first a uniaxial Blast8Ba,.from 
which would result by invagination a uniaxial Gastraea. The 

’Brooks had previously shown that the oyster-embryo is bilaterally sym- 
hietrical from the earliest stages of segmentation, and that the egg itself must 
be held to be bilateral. 
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mesoderm probably appeared in the phylogenetic history of the 
Bilateria at this stage, and, appearing bilaterally, transformed the 
uniaxial into a biaxial Gastrsea. 

The mesoderm, when it first arises in the Planarians, is, how- 
ever, radially arranged. It appears in these forms very early, 
according to Lang’s description (48), being formed from the four 
cells of the fifth generation — i. e., from the second group of 
micromeres which is segmented from the macromeres— and these, 
since the segmentation of the Planarians is on the same type as 
that of the Gasteropoda, are radial. This arrangement, however, 
is secondary, and depends upon the law formulated by Hatschek 
(16) in the following words : “ Bildungen, die einen Entwicklungs- 
typus tief beeinflussen, sehen wir immer ontogcnetisch friiher 
auftreten, als es der phylogenetischen Zeitfolge entspreclien 
wurde.” The mesoderm in most of the Bilateria, instead of 
forming ontogenetically at the same stage as that in wliich it 
appeared phylogenetically, forms at a much earlier stage— during 
the segmentation — and in the Planarians this hastening of its 
appearance is carried to such % extent that it forms the fifth 
generation of segmentation spherules. In this case, instead of 
retaining its original bilateral arrangement, it conforms to the 
radial symmetry which still dominates— a point which indicates 
how firmly the radial symmetry is implanted in the early stages 
of segmentation. 

From what has been said, it is evident that the differences in 
the formation of the mesoderm in different groups cannot afford 
any basis for the support of objections to the existence of a 
phylogenetic significance in the similarity of the segmentation 
in these groups. These differences are secondary, and depend 
simply upon the extent to which the hastening of the formation of 
the mesoderm has been carried. Had the mesoderm retained its 
original time of formation, and first appeared in the gastrula 
stage, it can be conceived that the segmentation of the Gastero- 
poda, Planarians, etc., would have been identical, making allow- 
ances, of course, for the modifications produced by the amount of 
yolk present in individual cases. 
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III— THE VELUM. 

Before paseing on to describe some of the embryonic organs in 
detail, it will be well to make a few remarks concerning their 
general development. The shell-area (PI. XXIV, Fig. 10 «A) ap- 
pears early, as is usual, and indicates the posterior extremity of 
the embryo, so that it becomes easy to discern the anterior and 
posterior extremities, and the right and left sides. The organs 
make their appearance near the shell-area, and consequently 
nearer the posterior than the anterior extremity of the embryo ; 
bnt as the shell develops they gradually pass forwards (cf. Figs. 
10 and 11) until they come to lie at or near the anterior ex- 
tremity, and at the time when the embryo passes into what may 
be termed the larval stage they compose the anterior portion of 
the embryo, the large yolk-mass, below which they formerly 
were situated, being entirely covered and contained by the larval 
shell. In the earlier stages the embryo is somewhat pyriform in 
shape, the small end being covered by the rudimentary shell, the 
ventral portion of the middle ' region being occupied by the 
developing organs, sirch as the month, velum, foot, and primitive 
excretory organs, while the anterior or larger end consists of the 
yolk-mass enclosed in a very thin layer of ectoderm. ' As the 
shell grows and the organs migrate forwards, this pyriform shape 
disappears and the embryo again becomes oval. In consequence 
of this posterior position of the organs at* their formation, and 
since they lie ventral to the large yolk-mass for so long a time, 
little can be made out concerning them by studying the embryo 
in toto; it is necessary to have recourse to sections. For the 
same reason tljie head-vesicle, so characteristic in general of the 
Gasteropods, does not show distinctly until, in the process of 
forward migration, it reaches tlio anterior extremity. 

The velum (Fig. 10 V) arises in Fvlgur as a narrow, ridge-like 
elevation extending on either side from behind forwards and 
inwards towards the poiQt at which the mouth-invagination 
(Jf) occurs. Each ridge is formed by a folding of the ectoderm, 
knd is not a thickening. It is at first almost straight, bnt soon, 
near the mouth-invagination, makes an abrupt curve outwards 
again, not meeting its fellow of the other side in front of the 
mouth at this stage; nor is them a meeting upon the dorsal 
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surface, the stmctnre extending np on the sides of the embryo 
only a very short distance. Behind it are the so-called primitive 
urinary bodies, and in front of these, lying between the two 
velar folds, are two eminences {F)^ the origin of the foot, 
which is thus in its formation a paired organ, Still later the 
anterior portion of the velar fold curves inwards again (Fig. 11), 
so that the anterior extremities, of the ridges of opposite sides 
approach one another in front of the mouth, and eventually 
meet at that point, each half of the now single velar ridge being 
somewhat ^-shaped. Dorsally the two extremities are still un- 
united, and remain so during the whole larval life. Tiie ridges 
or folds are ciliated and form a pre-oral hand of cilia. Whether 
this band is double or not I cannot state positively, but am 
inclined to believe that, in its earlier stages, at any rate, it is. 
At the time when the liead-vesicle has reached tlie anterior 
extremity of the yolk-mass,, and begins to project beyond it, 
the velar folds have increased considerably in size, forming two 
double-walled laminse projecting out on either side, the embryo 
being, as it were, in the velar region pulled out laterally. This 
pulling out continues in later stages until finally the large volar 
areas are formed on either side of the head-vesicle, each being 
semicircular in shape, with the anterior surface flattened and 
the border furnished with the powerful velar cilia. Mesoderm 
cells make their way, at an early stage into the space enclosed 
by the velar fold, and soon b^in to elongate and develop into 
the muscular fibrillse of the velar area, forming in later stages 
a network of muscle-fibres, and producing contractions of the 
velum. In advanced embryos, and in the larval veligers of 
several marine Prosobranchs, I observed, in addition to the 
pre-oral band of cilia which runs along the margin of the velar 
area, certain other well-defined ciliated bands and' areas which 
are of considerable iihportance. 1 have already given an abstract 
in the University Circulars (20) of these observations, but it will 
be necessary to discuss them here more in detail. 

|n a veliger obtained by means of the surface net (PL XXYl, 
]^. 25), whose relationships I have not' been able to identiOr 
precisely, it was easy to distinguish the characters of the velsir' 
ciliated l^ds. The velnm ( V) is large and ea^ch half is bilobed. 
Around the.iQtaigins of the lobes are the strong cilia of the pie^> 
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oral band {Pt6)j which in a ventral view can readily be traced 
across the body of the larva anteriorly to the mouth. Upon the 
under surface of the velar lobes — the foot of the larva being 
directed towards the observer — a band of smaller cilia (Poo) can 
be seen not very remote from the pre-oral band. This band can 
also be traced across the body of the larva to meet with its 
fellow of the opposite half of the velum, but passes, in contrast 
to the pre-oral band, behind the mouth, and may therefore be 
termed the postroral band. Between these two well-marked 
bands a small area is enclosed which is lined with very delicate 
cilia, still smaller than those of the post-oral band, and which 
are continuous with the similar cilia lining the oesophagus* 
These, to adopt Hatschek’s term (36), may be called the ad-oral 
dlia. The diagrams shown in PI. XXVI, Figs. 22 and 24, wliich 
are modified from unpublished drawings kindly placed at my dis- 
posal by Dr. W. K. Brooks, will show clearly the relations of these 
various ciliated areas. Fig. 21 is a diagrammatic ventral view of 
a Prosobranch Qasteropod, in which Pro denotes the strong pre- 
oral, Poo the weaker post-oral cilia, and Ad the ad-oral region 
with its cilia; while Fig. 24 represents a diagrammatic section 
through half of one of the lobes of the velum, the lettering 
having the same significance as in Fig. 22. 

1 first accurately perceived these various ciliated bands and 
their true relations in the larvae of Crepidula fornicatay rnd. 
was afterwards able to confirm my observations on that form by 
a study of the embryos and larvae of Crepidula convexa^ Fulgv/r 
caricay Faedolaria 1/ulipa^ and of a second veliger obtained in 
the surface net, perhaps that of Neverita. It seems highly 
probable that the same arrangement of the velar cilia will, by 
future objservations, be found to be characteristic of all Proso- 
branch veligers. 

The true relations of the pre-oral band have long been known, 
and the existence of the post-oral band has also been described, 
but its true relations have not hitherto been clearly defined in 
the Prosobranchs. In other Mollusoan groups it has been recog- 
nized to be a post-oral band. In the Opisthobranchs it was first 
indicated by Lankester (17), who, in his Fig. 17, PI. 8 of the larva 

< In the abstract in the University Circulars this form was erroneously refet^ 
to the genus Bepkmea* " 
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<!X Pleurcliranchidvum, represented a band of cili4 lying in front 
of the root of the foot and behind the mouth and passing dorsally 
on either side to meet the pre-oral cilia at an acute angle ; and in 
his Fig. 8, PI. 10 of the veliger of Polycera the post-oral band 
is represented passing aropnd the velar area, but is not shown to 
pass behind the mouth. In the text no notice is taken of the 
post-oral cilia, however, and it was Haddon (14) who first demon- 
strated accurately its relations in the Opisthobranchs, as well as 
the presence of the ad-oral cilia. Fol, in the Pteropods (11) and 
Heteropods (12), recognized a band of cilia behind the pre-oral 
locomotor band, but did not observe that it passed behind the 
mouth. In his paper on the development of the Heteropods he 
says : “ Au-dcssous dcs cils moteurs se trouve la mCme zone de 
petits cils-nourriciers que j’ai decrits pour les PtSropodes (p. 136) 
et dont la signification physiologiquo est d’amener los particules 
nutritives H la bouche.” For the Lamellibranchs Ilatschek (15) 
demonstrated in Teredo the existence and relations of all three 
ciliated, bands — i. e., the pre-oral, post-oral and ad-oral. Brooks 
(7), in a description of the Gasteropod velum — the Prosobranch 
Astyris serving as the type — writes as follows : “ The month is 
not within the circlet of large locomotive cilia, but immediately 
behind it, and a ring of smaller cilia passes from the anterior 
margin of the mouth entirely around the velum, on its lower 
sur&ce, and therefore outside the circlet of locomotive cilia. 
This second circlet seems adapted to convey food to the mouth, 
but there are no direct observations on this point.” The use of 
the term anterior ” in this description is rather ambiguous, and 
would lead one to infer that the nutritive band was pre-oral as 
well as the locomotor. Dr. Brooks informs mo, and drawings 
which he has placed at my disposal show clearly, that he really 
observed the pos^oral position of the band of nutritive cilia, and 
that the term “ anterior ” refers to a ventral, and not a dorsal 
position. Brooks is therefore the first who has demonstrated the 
existence of a post-oral band of cilia in the Mollusca. 

The researches of Fol upon the Pteropods (11), Babl on the 
P'ulmonates (22), Hatschek on the Lamellibranchs (16), and 
Bfitschli on the Prosobranchs (9), show that in certain forms, at 
any rate, in all these groups, the cilia of the pre-oral bend are at ' 
one time arranged.in two rows, and my own observaliofis on the 



THE PR080BRANCH QAaTEROPODS. 


485 


ProBobranchs were to the same effect. It is probable that it ii 
the typical arrangement in all these groups. The post-oral band 
consists of a single row of ciliated cells. It seems safe to 
conclude that in the Lamellibranohey Pteropoda, Heteropodhy 
Opietkcdyrancha and Prosobrancha the eUiation of the velum. 
eonaiata of a pre-oral double hand with powerful oiliay a poat- 
oral amgle hand wUh weaker eiliay and between theae an ad-oral 
area covered with very delicate oiliay which are continuoua at 1M 
mouth with thoae Uning the oeaophagria. It is also highly probable 
that the Fulmonate larva has descended from a veligcr with a 
similar velar dilation, but the typical arrangement has been lost 
to a great extent by the reduction which has supervened in the 
specialization of the velum in this group. 

IV.— THE EXCRETORY ORGANS. 

Fvlgur, like the majority of Prosobranehs which have been 
investigated, does not exhibit the formation of a “ head-kidney,” 
but the primitive excretory system is formed by a clump of 
ectoderm cells similar to those Robretzky (4) has described for 
Saeaa. These primitive excretory cells make their appearance 
very early, and at the time when the velar ridge first becomes 
apparent they also become visible as an irregular elongated 
elevation running parallel and posterior to the velar fold (PI. 
XXIV, Figs. 10 and 11). In transverse section, at an early st^, 
each elevation has a rosette-like appearance, the cells composing 
it being heaped up above the general surface of the embryo and 
loosely aggregated together, but in other respects closely resem^- 
bling the adjoining ectoderm cells. Soon, however, their appeal^' 
ance changes ; vacuoles begin to collect in their interior, wliich 
increase in size, fuse together, and eventually displace the proto- 
plasm of the cell almost entirely, the nucleus being forced away 
to one end of the cell close up against the cell- wall.. As the 
embryo grows the secretory cells retain their original position 
relative to the velar fold, though at the larval stage they have 
increased considerably in number and extent. At this stage they 
form a mass broad below, where they extend down upon the sides 
ef:the foot, and tapering above as they pass towards the dorsal 
M|^n.of ^0 body, but lying some distance behind the margin 



^6 J. PLAYFAIR MeMURRIOH. 

of the veliuDj at the point where its posterior wall merges into' 
the body-wall. 

In Faadolioria, however, the primitive excretory organ entera 
into mnch closer relations to the velum. I have not been able 
to study its development in this form, but in more advanced 
stages it forms a large and very apparent mass upon either side 
of the bead- vesicle of the embryo, the velum being quite small 
in proportion. As the velum increases in size, however, the 
excretory organ comes to lie about the middle of its posterior 
surface, forming a hemispherical projection of considerable 
size, appearing as if composed of radiating hexagonal columnar 
crystals. A section through the velum at this point (PI. XXYI, 
Fig. 26) shows well its structure. It is seen to consist of large 
columnar ectodermal cells (Jh;), hexagonal on cross-section from 
mutual pressure, which are completely filled with a dense 
refractive albuminous substance. The cell- walls are thick, and 
oan be seen in some places' to be separated from the cell-contents 
— a condition probably due to a contraction of the latter from 
the action of the hardening and preserving reagents. In each 
cell a nucleus {N) can be seen usually lying towards the outer 
extremity of the cell and pressed closely against the cell-wall, 
but in some cases enclosed within the albuminous cell-contents. 
According to Bobretzky (4), in Fums the exceedingly thin 
ectoderm passes unbroken beneath these excretory cells. I was 
able to detect no such arrangement in Faaoiolaria^ but at the 
edges of sections, of one of which Fig. 26 represents a part, 
the excretory cells could be seen to pass directly into the normal 
ectoderm cells and to be continuous with them. Hone of my 
sections of Fvlgur allowed of any definite conclusion as to this 
point. 

The question as to the comparative significance of these 
peculiar excretory cells of the Prosobranchs has already been 
discussed by several authors. A brief r^umk of tlieir opinions 
will not be out of place. , Omitting the older observers, Btitsohli 
.(9) may be mentioned first. He observed in Lynmasm and 
PUmorInBt on each side at the posterior bend of the velum, and 
immediately anterior to the ** head-kidney,” three large , cells 
filled with yellow granules. In PcAudiaia there are no excretory^ : 
jl^ls present, but a head-kidney ” does exist; the cell^ whk&I 
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bear the preK)ral cilia, howerer, are richly jM'ovided with 
yellowish grannies. Fol (13) describes in aqnatic Pnlmonates^ 
below the cells of the pre-oral band, a row of vacnolated cells, 
at the posterior extremity of which the ‘‘ head-kidneys ” form. 
He suggests that there may be some kind of relation between 
these two excretory organs — a serial homology, as it were. It may 
be mentioned that Fol describes the pre-oral band of cells of the 
Fteropods (11) as containing refractive grannies. Babl (22) 
describes the pre-oral ciliated cells of the velnm in the Pnlmo- 
nates {Planorhis) as containing yellowish grannies, and gives it 
as his opinion that they have nothing to do with the head- 
kidneys.” Sarasin (24) describes a very close relationship 
between the excretory cells and the pre-oral ciliated cells in 
Bithynia, their connection being so intimate that he describes 
them together as the ansm.” He observed what he took to be 
ownings upon these cells, which he compared to the opening of 
the primitive “ head-kidney ” of other forms, and which lead 
into a cavity in the interior of the ansae.” If these excretory 
cells were not united to the velnm, he would have no hesitation 
in calling them a “ kidney.” The conclusions he draws from his 
observations may be quoted. He says : “'Nach den Erfahmngen 
von Bobretzky, Biitschli und mir liegt anf jeder Seite der Proso- 
branchier-Embryonen ein Hanfchen grosser ectodermzellen, das 
bei Paludina und Bithynia mit WimperOffnnng nach aussen 
mdndet. Nach Butschli und Fol finden sich dieselben bei Plan- 
oriie. 1st dies richtig, so haben die Siisswasser-pulmonaten zwei 
Organpaare, die als Umiere zu denten sind, ein vorderes und ein 
hinteres Paar ; letzteres mit der interessanten grossen Secretions- 
zelle. Hat Babl recht, dass die von Biitschli zuerst gefandenen 
grossen Zellen bei Planorhis und lA/mnaem znm Yelum gehQren, 

sind wahrscheinlich die von Biitschli und mir bei Pahidma 
und Bithynia gefnndenen Organe den hinteren Urnieren der 
Sfisswasser-pulmonaten Homolog. Dies wird nun noch des 
weiteren zu untersuchen sein.” 

The true arrangement in Bithynia, however, is probably that 
whioh Babl describes (23). According to his observations the 
yslum is dosed dorsally, and its lateral and dorsd portions cbn^ 
8^ of laige transparent cells filled with a refractive fluid. Thdw ! 
- k^ ’ oompares to the excretoiy cells Of the Prosobranehs. " Head- 
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kidneys” are also present, so that the arrangement is identioal 
with what occurs in the aquatic Pulmonates. 

In the first place, it is interesting to notice that it is the two 
genera of Prosobranchs which most nearly approach the aquatie 
Pulmonates in their habits of life, which show the presence of 
** head-kidneys,” while on the other hand these structures have 
been described in no marine Prosobranchs. 

In the second place, it would seem that the arrangements in 
Paludina and Bithynia give a key to the relation of tlie primi- 
tive kidneys and the excretory cells. In both the primitive 
kidneys are present; in Paludina the excretory cells are repre* 
sented by the cells of the pre-oral ciliated band in its entirety ; in 
Bithynia by the lateral and dorsal cells of the pre-oral ciliated 
band. It seems probable that the excretory cells were originally 
portions of the velar prc-oral ciliated band, and as their cxori^iy 
functions for some reason became more and more important, they 
became separated from the velum and assumed a greater degree 
of development, eventually replacing the primitive ** head- 
kidneys.” The statements regarding the excretory cells of the 
Pulmonates are contradictory; but even if Biitsehli and Fol 
should prove to be correct, and that in the forms they studied 
the vacuolated cells were really posterior to the pre-oral band, 
this may be regarded as a difierentiation fi-om a primitive condi- 
tion which Babl describes, and which exists in Paludina, Bithy^ 
nia, and the Pteropods in which the vacuolated excretory cells 
&rm part of the pre-oral band. The fact, too, that in some 
Prosobranchs, Fulgur for instance, the excretory cells make their 
eip'liest appearance behind the velar ridge, is no objection to the 
idea advanced ; it is readily explainable as an abbreviation of 
.development, the original connection between the cells of the 
velar ridge and the excretory cells being dissolved at a very ear^ 
*t«ge. 

Fol’s idea that there is a serial homology between the excretory 
cells and the primitive or head-kidneys” is entirely erroeeous; 
So, too, Sai^in.’8 conclusion that two pairs of excretory oigatis 
odginally characterized the Molluscan veliger. No su^ 
wriragement has ever been observed in any of the larva or forms 
urpeh sl^ow a relation by descent to the Troohophore. ‘ 
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V.-^THE NERVOUS SYSTEM AND SENSE-ORGANS. 

The first portions of the nervous system to make their ap]>eap> 
u>ce are the supra*(Bsophageal ganglia and the otocyst. The 
latter first becomes evident in Htdgur immediately below the 
excretory cells, but the exact mode of its formation I did not 
observe. The supra-oesophageal ganglia (PI. XXIY, Figs. 10 and 
11, appear as a circular ectodermic thickening on either side 
in the anterior bend of the velar ridge, and therefore at the sides 
and a little dorsal to the month-invagination. In later stages 
(FI. XXYII, Fig. 30, ee) the cells of this thickening proliferate, 
forming a mass projecting into the body-cavity on either side of 
the oesophagus, the cells of the thickening being to a certain 
extent loosely aggregated and having a very marked resemblance 
to the scattered mesoderm cells lying near. It is, in fact, im- 
possible to distinguish the cells of the nerve-ganglion from the 
mesoderm cells by their shape or general appearance, and this 
has given lise to the numerous misconceptions which have arisen 
concerning the origin of the nervous system in the Mollnsca. 
Early stages show conclusively, however, that the nerve-ganglion 
is an ectodermal structure, and is formed *by a proliferation of 
the ectodermal cells, and not by an invagination. 

The pedal ganglia arise in the same manner by a proliferation 
of. the ectodermal cells of the foot (Fig. 30^), and soon assume 
a considerabto size and come into contact with the otocysts, 
which then appear {Oi) to rest upon the ganglia. In the earlier 
stages no commissure could be detected between the supra- 
(Bsophagcal and pedal ganglia, but in later stages cells from the 
former ganglia can be seen (Fig. 28) to grow downwards, so as to 
eonie into contact with the latter and so form the cerebro-pcdal 
wmmissnre {epo). In like manner, in the early stages no com^ 
inissnres could be made out between the ganglia of opposite sides, 
hut in later stages these commissures {ee and j>e) were very 
distinct, as is shown by the sections (Figs. 29 and 31) through 
the supra-oesophageal {ee) and pedal ganglia {pg) of Faeeiclaria 
Ip an embryo in which the gills had appeared. 

, . I^i^ler (31) seems to lay considerable stress on the develop- 
inttit of the pedal ganglia in Oydae in connection with ^ 
byssns-gland. In neither Fxdgwr nor Fcueiolaria is this the oasA 
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Fig. 30 shows 'the relationship of the bjssus-gland {Jyy) to the 
pedal ganglion {pg) of one side in Fulgur as seen on a sa^ttal 
section. The ganglion is seen to have originated at a point far 
distant from the orifice of the bjssus-gland or porus aquiferuB^ 
and it does not even lie in contact with the apex of that organ. 
The two figures of (PL XXV, Figs. 20 aiid 21) transverse sections 
through the foot of Faadolaria show the same thing. Fig. 20 
is through the foot, just below the apex of the bjssus-gland (5y). 
In FoBoiolaria the gland divides about half-waj from its orifice 
into two limbs the cut ends of which are shown in the section. 
On the sides of the gland-tubes can be seen a slight aggregation 
of cells {pg\ which are the most posterior cells of the pedal 
ganglia. In the second section above this (Fig. 21) the closed 
apices of the gland-tubes can be seen {by\ and outside these on 
either side are seen pedal ganglia {pg) much more distinct than in 
the preceding figure. But even here it is only the posterior 
portions of the ganglia which are seen, since the ganglia are 
present in no less than eleven sections anterior to the one shown 
in Fig*. 21, the ninth section anteriorly being the one represented 
in PL XXVII, Fig. 29. It will be readily seen that in the Proso- 
branchs studied by iifle the pedal ganglia do not come into rela- 
tion at all with the byssus-glands, lying in fact externally and 
anterior to their apices. That they do develop in close relation 
to the byssus-gland in some Lamellibranchs is certain from 
Ziegler’s researches on Cyclds, already referred to, as well as from 
the more recent observations of Schmidt (25) on Anodonta; but 
it is also evident that there is no special significance in this 
relation, since it does not hold in the Gasteropods, nor, probably, 
even for all Lamellibranchs. 

The eyes {Oc) arise as an Jnvagination of the ectoderm of the 
head-vesicle at the bases o^ the tentacles (PL XXVI, Fig. 27). 
The invagination soon closes, and forms a shut sack the cavity of 
which remains visible for some time. The tentacles {T) are out- 
growtlis of ectoderm, and are situated immediately above the 

> I employ the term ** byssus-gland ” for the ectoderpial tubular invagination 
found upon the foot of the Prosobranchs under discussion in preference to the 
term porua aquif&ru8f in consideration of the admirable researches of Barrois 
on ^'Les Glandes du Pied et les Pores aquifdres chez les Lamellibranohs,” 
Lille, 1885. There seems to be little doubt but that tbeport aq^f&ri of i&e 
Gasteropods are homologous with the byssogenous glands of the Lamellibianohs. 
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' anpra-oesophageal gan^^lia, cells of'which(<jtf') pass into the Hollow 
outgrowth and form the tentacular nerves. 

I have no observations to offer on the development of the other 
portions of the nervous system, the oldest embryo which I 
preserved not having reached the stage in which these begin to 
differentiate; 

My observations on the development of the nervous system of 
the Piwsobranchs, meagre though they be, have suggested certain 
points for consideration. Hatschek has clearly demonstrated 
(86) the similarity of the Molluscan veliger to the Trochophore 
larva, and draws the conclusion therefrom that both Annelide 
and Mollnsca, as well as certain other groups, have sprung from 
a common form presenting a structure very similar to that which 
characterizes the Trochophore larva, and which may be termed 
Trochozoon. The nervous system of the Trochozoon was an 
ectodermal thickening of the apical region of the body (the 
Scheitelplatte ”), which, becoming bilobed, is converted into 
the Bupra-oesophageal ganglia of the adult Annelid and Molluscan 
descendant. Does the development of the supra-cesophageal 
ganglia of the Frosobranch Molluscs bear out this supposition t 
Only with certain modifications. As above stated, the supra- 
oesophageal ganglia of Fulgur arise as two entirely separate ecto- 
dermal thickenings, lying not at the apical pole of the lai'va, but 
immediately in frontof and at the sides of the mouth-invagination. 
At first sight they would appear to be structures quite distinct 
from the apical thickening of the Trochozoon, but it seems to 
me that an explanation can readily be found which will do away 
with the difficulties on this point, and at the same time will be 
borne out by what occurs in other groups of the Mollusca. 
There has been an abbreviation of the development, whereby 
the ganglia, instead of passing through the various phylogenetic 
9ti^B which one might expect to find, form at once in the posi- 
tion which they occupy in the adult. What is meant can best 
be illustrated by comparing what occurs in an Annelid with 
what is found in Fulgur. Hatschek’s description of CriodrU/us 
(36) will serve the purpose. In the course of development the 
. apical thickening increases, and sends down two processes 
towards either side of the mouth-opening, and so assumes a 
horse-shoe shape. The lateral processes, which are, like the 
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apicat thickening, thickening^ of the ectoderm, continue thmr 
gro\rth downwards— «. e., posteriorly — till they reach the sides 
of the month-opening, and finally unite behind the month, 
forming the suh-ossophageal ganglion. (See Fig. 15, PI. II, of 
Hatschek’s paper.) If now the portions of the lateral thicken- 
ings immediately before the mouth form directly, and not by a 
growth from a more anteriorly placed thickening, and at the same 
time the apical thickening disappears or does not forin^at all, 
the arrangement which obtains in Fulgur will result ; that is, 
there will be two isolated ectodermal thickenings at the sides 
and a little in front of the month which only later become 
connected by a commissure. 

If this bo the trne explanation, we might expect to find in 
some Mollnsca traces persisting of the apical thickening. Are 
they to be found ? I think so. In Fvlgur it is donbtfnl whether 
there is any trace of the apical thickening ; in an embryo- 1 
observed on surface view a dark patch, a]iparcntly a thickening, 
at the point where such traces might be expected, bnt sections of 
a stage of about tlie same age failed to give any definite evidence 
as to its significance. It is quite possible, however, that in the 
marine Prosobranchs the development may have been abbre- 
viated to such an extent that no indication of the apical thicken- 
ing persists — a.,conclnsion which would be quite in accordance 
with other features, such as the disappearance of the “ head- 
kidneys ” which these forms exhibit. The Pulmonates, however, 
present in many points a more typical trochophore larva than do 
the Prosobranchs, and here we have a rudimentary structure 
which may bo the remains of the apical thickening. In aquatic 
Pulinonates there is to be seen within the velar area a conspio- 
nous mass of cells which are formed from the ectoderm in this 
tegion. Lerebonllet first observed them (19), and they have 
since been described by Lankester (18), Pol (13), Ilabl (32), and 
otilers. Lankester believed that they formed the supra-oesophageal 
ganglia ; Fol, however, first showed that this was not the case, but 
that they do not give rise to any organ, hut later become confused 
with the mesoderm. As to their significance he says: ‘‘Nous 
ne devrions, d’aprte cela, point les consid4rer comme le hlastdrae 
d*nn organe spSdal et, pour expliquer leur Constance et leur 
formation hfttive, nous serions contraints de snpposer qu’il s’agit 
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ioi d’an organe rudimentaire, c’eBt-4rdire d’un reate, tranamia par 
Ii4r4dit4, d’une partie qni, chez d’alitjres forinea, poaa^derait ime 
importance phyaiologiqne.” Wolfaon (30) advanced our kno^vl* 
edge of thia problematic oigan a little farther. He aaya con* 
oeming it : Daa wir ea auch hier mit einem Nerven-Gebilde 
an than haben, unterliegt keinem Zweifel.” And further: 
“ Beim erwachaenen Tbiere iat keine Spur mehr davon zii finden 
nnd glanbe icb, daaa ea daher rait den ubrigen Embryonal- 
Organen der Gaateropoden (Velnm, Vomieren, Embryonal* 
Herzen, Schalengrabe, Nahrnngaaacke) znaainmenznatellcn und 
ala Embry on al-Hirn zu bczeichnen iat.” He atatea, too, that in 
ZymnoBus the ganglia ariae aa local thickeninga of the ectoderm. 
We have accordingly in the aqnatic Pulmonatea an organ formed 
by a thickening and proliferation of the cclla of the ectoderm in 
the apical regiona which correaponda in ita position and origin 
with the apical thickening of the Trochozoon, and which is 
entirely embryonic, disappearing in later life. It doea not give 
riae to the anpra-oeaophageal ganglia, which arise as local thick* 
enings of the ectoderm at the sides and above the month, but it 
has apparently something to do with the nervous ayatem. I 
believe this embryonic organ to he nothing else than the remains 
of the nervous apical thickening of the Trochozoon^ and consider 
the aquatic Pulmonatea to show a stage in the abbreviation of 
the development intermediate between what occurs in the 
Archiannulida {Polygordius, Criodrihis, etc.), and in the Proso- 
branch Gasteropoda. 

In the other groups of the Mollnsca on which we poaeeM 
evidence at all certain on this point, we find they retain almost 
unaltered the original condition. Fol’s researches on the 
Pteropods and Heteropoda seem to indicate this, and the obser- 
vations of Hatschek (16) and Ziegler (31) on the Lamellibranchs 
demonstrate it for that group. Schmidt’s observations on 
Anodonta (25) seem to indicate that this form departs from the 
arrangement found in Teredo and Ogdas^wa^ agrees more nearly 
with what is found in the Prosobrancha ; this is probably, how- 
ever, to be explained by the mode of life of the embryo AnadomUk. 
It is interesting to note that the Pteropods, Heteropods and « 
Lamellibranchs which show the greatest resemblance in other 
respects to what, it is to be believed, was the struoture of the 
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original Trochozoon, also retain the apical thickening, and 
derive their snpra-oesophageal ganglia from it, .while the Proso* 
branohs which depart most widely from the Trochozoon do not 
show any sign of the thickening, and the Fnlmonates, which, 
while possessing a rudimentary ciliary apparatus, yet retain the 
“ head-kidney,” and probably resemble the ancestral Trochozoon 
more nearly than the Prosobranchs, are intermediate, as regards 
the formation of the supra-oesophageal ganglion, between these 
and the Pteropods, etc. 

The absence of a commissure between the ganglia of opposite 
sides at an early stage, and its formation later, receives its explana- 
tion in the idea that has been advanced above, and is, in fact, a 
necessary sequence of the processes which are supposed to have 
-occurred. 

As regards the pedal ganglia, their origin as independent pro- 
liferations from the ectoderm would seem to indicate that they 
are structures peculiar to the Mollnsca, and are therefore not 
homologous with the snboesophageal ganglia of the Annelides. 
This idea has been advanced by one Ihoring (29), who homolo- 
gizes the visceral ganglia of the Mollnsca with the ventral 
ganglionic chain of the Annelids. It does not seem that this 
homology will stand the test which comparative embryology 
affords. The researches of Hatschek, notably his recent observa- 
tions on the development of the nervous system of Polygordim 
(38), demonstrate that in the more typical trochophore larvse the 
snboesophageal ganglia develop in relation to the commissure 
thickenings of the ectoderm which extend downwards from the 
supra-oesophageal ganglia — i. e., the apical thickening. If we 
are to accept the Trochozoon as the common ancestor of the 
Annelida and Mollnsca — and the evidence we possess seems to 
make such a conclusion necessary — the pedal ganglia of the 
Mollnsca must be homologized with the sub-oesophageal ganglia 
of the Annelides. In certain members of this latter group 
observations show that the ventral ganglia arise quite inde- 
pendently of the apical thickening and its commissural processes. 
Hatscdiek admits that such a process does occur. He says : ‘‘Bei 
directer Entwickelung mag os vielleicht in einzelueh F&llen 
vorkommen, dass die Schlundcommissur erst secnndar Banch- 
mark und Scheitelplatte verbindet.” If in the Ai^elids abbre- 
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viation of the developmental processes has produced the inde- 
pendent origin of the sub-ossophageal ganglion, it is exceedingly 
probable that the same phenomenon has occurred in the Mol* 
lusca, and accordingly there is no necessity for the supposition 
that either the pedal or supra-oesophageal ganglia of tlie Proso* 
branchs are entirely new structures unrepresented in the Anne- 
lids and their ancestors. 

The derivation of the Mollusca from a Trochozoon ancestor 
renders improbable the suggestion advanced by Balfour (1) that 
the nervous ganglia of the Mollusca have been derived from a 
thickening of the walls of the sense-organs. The supposition 
that otocysts and visual organs have arisen in this group previ- 
ously to the formation of a nervous system seems very improbable, 
and is not borne out by the facts of embryology. The nervous 
ganglia originate as thickenings of the ectoderm quite inde- 
pendent of the sense-organs, and only become connected with 
tiiem later. 

Baltimors, April 13, 1886. 
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EXPLANATION OP PLATES. 

Ad. Ad-oral cilia. 

An. Anns. 
l>y. Byssns-gland. 

0 C. Cerebral commissure. 

os. Supra-oesophageal (cerebral) ganglion. 

. etf. Nerve-cells .from snpra-oesophageal ganglion whi(di have 
passed into the cavity of the tentacle. 
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^ O^bro'pedal oommissare. 
eet. Ectoderm. 

Yolk-elevations. 
en^^Endoderm. 
esc. 'Primitive excretory cells. 

F. Foot. 

fTF. Head-vesicle. 
inc. Cavity of invocation. 
inv. Invagination of ectoderm. 

M. Mouth. 

me. Primitive mesoderm cell. 
mee. Mesoderm. 

N. E nolens of excretory cell. 

Oc. Eye. 

Oe. (Esophagus. 

Ot. Otocyst, 
ph. Polar globule. 
pc. Pedal commissure. 
pg. Pedal ganglion. 

Poo. Post-oral cilia. 
pra. Protoplasmic aggregation. 

Pro. Pre-oral cilia. 

Sh. Shell. 

T. Tentacle. 

V. Velum. 
lik. Yolk-granules. 

All figures, unless otherwise stated, are oi Fulgur. 

Plate XXIV. 

Fig. 1. — Yolk-granules of Fulgvr which have been treated with 
corrosive sublimate and alcohol, and subsequently with Schultz's 
solution. 

Fig. 2. — Capsule of Purpura floridana. 

Fig. 3. — Egg of Fulgur after extrusion of the polar globule. 

Fig. 4. — ^Two-spheruled stage. 

Fig. 6. — Four-spheruled stage. 

F^. 6. — Stage in which the protoplasm . has aggregated at the 
formative pole for the formation of the micromeres. 

F^. 7 . — Stage with eight micromeres. 

F^. 8. — Surface view of stage in which the primitive mesoderm 
cell is formed. 
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Fig. 9. — Surface view of formative pole of egg in which the ecto- 
derm has been invaginated. 

Fig. 10.— Surface view of stage in which the organs begin to J||m. 

Fig. 11. — Surface view of stage a little later than the precei^PI^ 

Plate XXV. 

Fig. 12. — Section through an egg of stage represented in Pi^ 0. 

Fig. 13. — Section through a stage later than that represented in 
Fig. 7. 

Figs. 14 and 15.— Sections through egg of stage represented in 
Fig. 8, showing the formation of the primitive mesoderm cell. 

Figs. 16-19. — Sections through the ectodermal invagination seen 
in surface view in Fig. 9. 

Figs. 20 and 21. — Transverse sections through the foot of ah 
advanced embryo of Fasciolaria. , 

Plate XXVL 

Fig. 22. — Diagram representing the arrangement of the cilia ih a 
Prosobranch veliger. 

Fig. 23, — Section through embryo in which the blastoderm has 
grown around the macromeres. Section is taken near one extremity 
of the embryo to show the continuation of the formation of proto- 
plasmic aggregations. 

Fig. 24. — Dic^rammatic transverse section of the velum of a 
Prosobranch veliger. (This fig. and Pig. 22 are modified from 
drawings kindly furnished me by Dr. AV. K. ^Brooks.) 

Fig, 25. — V'entral view of an unidentified veliger. 

Fig. 26.— Portion of excretory cells of Fasciolaria. 

Fig. 27. — Horizontal section through tentacle and eye of Fascio- 
laria (advanced embryo). 

Plate XXVII. 

Fig, 5^8.— Vertical section through the cerebral and pedal ganglia 
of an advanced embryo of Fasciolaria. 

Fig. 29. — IVansverse section through the pedal ganglia and pedal 
commissure of an advanced embryo of Fasciolaria. 

Fig. 30. — Vertical section through ganglia of an ^vanced embryo 
of Ftilgur. 

Fig. 31.— Horizontal section through the region of the cerebral 
commissure of an advanced embryo of Fasciolaria. This section 
belongs to the same series and immediately succeeds that of which 
a portion is shown in Fig. 27. 
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THE ANATOMY AND DEVELOPMENT OF THE 
SALPA-CHAIN. By W. K. BROOKS, Johns Hopkins 
UniTorsity, Baltimore, Md. With Plates XXVIII and XXIX. 

Notwithstanding the fact that most of the eminent students of 
marine animals have written npon the asexual multiplication 
of Salpa, our knowledge of the subject is still in hopeless confusion. 
The list of contributors to the voluminous literature includes the 
names of Ohamisso, Cuvier, Eschricht, Quoy, Qaimard, Leuckart, 
Meyers, Huxley, Vogt, Krohn, Kowalevsky, Salensky, Todarro, 
and within the last three months a long illustrated paper has been 
published by Seeliger.^ 

During its early stages of development the proliferating stolon 
of Salpa is almost identical in structure with that of Pyrosoma, 
and there is therefore every reason for believing that the process 
of budding is essentially the same in both of them, and that a 
thorough knowledge of the history of the two forms will at 
least furnish a basis for comparing the process of asexual multi- 
plication in the one with that in the other ; but any attempt to 
make a detailed comparison between any one of the conflicting 
accounts of the origin of the Chain-Salpse, and our knowledge of 
Pyrosoma, is totally useless. 

This difliculty is not due to imperfect knowledge of Pyrosoma, 
for we have two minute and amply illustrated papers on the 
budding of Pyrosoma, one by Huxley and one by Kowalevsky ; 
and as the Russian embryologist confirms, in every particular, 
the simple and consistent history which Huxley had traced many 
years before, we may safely accept their account, and decide that 
the process of budding in Pyrosoma is accurately known, so far, 
at least, as its general features are concerned. It is quite possible 
that new contributions to its minute histology may be made in 
the future, but the general history is well known. 

Reasoning from what is known to what is still unknown, we 

^Die Knospung der Salpen, von Oswald Seeliger. Jen. Zeitssohrift t Natur- 
wissewhaft, Bd. XIX, N. F. XII, 1885. 
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may feel a reasonable hope that a thorough acquaintance with 
the history of the Salpa-stolon will enable us to show that the 
process of budding is essentially like that which occurs in Pyro- 
Boma, but the attempt to reconcile the various accounts with 
each other or with our knowledge of Pyrosoma leads only to the 
most hopeless confusion ; and there is every reason for believing 
that this is due to our ignorance regarding the process in Salpa. 

The modern method of studying embryological anatomy by 
sections must lead to most perfect and decisive results when the 
sections are correctly interpreted ; but unfortunately a funda- 
mental error in the interpretation of the sections leads us away 
from the truth with equal certainty, and the railway traveler 
who enters the wrong train is not hurried more swiftly and surely 
astray than the embryologist who makes an error of this sort, 
for which, in the case of complicated organisms, there are many 
opportunities. 

This paper is an abstract of an illustrated one in which I shall 
show that the budding of Salpa is, in reality, a very simple 
process, directly comparable with the budding of Pyrosoma, and 
that all the recent writers upon the subject — the latest contributor, 
Seeliger, as well as the others — have gone completely astray in the 
interpretation of their sections. 

In 1880 I asked Prof. Spencer F. Baird to supply me with 
specimens of Salpa, that I might study the origin of the eggs. 
He accordingly sent me a number of specimens of two species 
which were collected in the summer of 1880 at the station of the 
United States Fish Commission at Wood’s Hole. One of them 
is the small Salpa Cabotii, which is frequently found in abundance 
on our coast. It is very similar to Salpa democratica-mucronata. 

The other species, which is much larger, may possibly be new, 
although I find, in my preserved specimens, no reason for ques- 
tioning its identity with Salpa pinnata, a species which has never 
been recorded as occurring on our coast. As soon as I received 
the specimens. Dr. I. Hermann kindly aided me by cutting 
several thousand sections, and my observations on the origin of 
the eggs, based upon these sections, were published soon after. 

My examination of the sections, and of others 'which were 
afterwards made , for me by Dr. Ghas. S. Dolley, convinced me 
that the true nature of the Salpa-chain has never been compre- 
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bended ; that the differences between the process of budding in 
Salpa and our knowledge of the process in other Tunicata 
have been greatly overestimated, and that the stolon of Salpa i» 
essentially like that of Pyrosoma as r^ards its structure, ite 
origin, and its whole history, and that the differences are super- 
ficial and of minor importance. 

The young Pyrosoma is not produced by budding from the 
wall of the stolon, but by the gradual development of the tissues 
of each segment of the stolon into the organs and tissues of the new 
organism. The stolon becomes converted into a single series of 
animals, which are placed dorsum to venter, with their neural 
surfaces towards the base and their haemal surfaces towards the 
tip of the stolon. Their right sides all arise on the right half of 
the stolon, and the plane which divides each segment of the 
young stolon into symmetrical halves is the same as the median 
plane of the body of the young ascidian. 

The young Salpa-stolon is bilaterally symmetrical, like that of 
Pyrosoma, but the mature Salpa-chain consists of two rows of 
ascidians placed with (heir hsemal surfaces towards the middle 
line of the stolon, and their neural surfaces external ; the right 
sides of all wliich lie on the left side of the stolon, and tho left 
sides of all the others, are towards its base. 

My sections showed that this condition of things is the result 
of crowding and pressure, and that there is really only a single 
series, as Seeliger also has recently shown. My sections showed, 
however, that not only the presence of two rows of Salpse, but 
also the relative positions which the animals occupy in ad- 
vanced chains, are the results of rotation produced by crowding,, 
and that after wo have interpreted all the secondary changea 
which are thus produced, the Salpa-chain is found to be not only 
a single series of animals, but a single series placed dorsum to 
venter, with the neural surface of each one turned towards the 
base of the stolon, and the right sides of all on the right side of 
the stolon ; and that, exactly as in Pyrosoma, the middle plane 
of symmetry in the young stolon coincides with the middle plane 
of the body of each Salpa. 

My interest in other subjects, and my inability to secure the 
publication of the figures which 1 had drawn, prevented me 
from publishing my results, and the subject remained incomplete 
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until my attention was recalled to it two months ago by the 
appearance of Seeligcr’s paper on the budding of Salpa. 

My first hasty examination of this paper led me to believe 
that Seeliger had solved the problem, since he shows that the stolon 
gives rise to only a single series of Salpse, and that the animals 
are pushed, as they increase in size, alteimately to the right and to 
the left, until what is apparently a double series is produced by 
crowding, as I had also discovered. 

More carefiil examination of his paper showed me, however, 
that with this exception his results are totally irreconcilable 
with my own, or with our knowledge of the budding of Pyro- 
soma, since Seeliger believes that the median plane of the stolon 
is, irom the first, at right angles to those of the Salpse ; and that 
the right half of the stolon, instead of giving rise to the right 
halves of the bodies of all the Salpse, produces the neural por- 
tions of the bodies of the Ist, 3d, 5th, and so on, and the hsemal 
portions of the bodies of the 2d, 4th, 6th, etc. 

In Pyrosoma the bodies of the series of ascidians arise in the 
following' relation to the middle plane of the stolon (see Fig. 1), 
P indicating tlie proximal end and D the distal end of the 
stolon ; and n the neural surface, h the hsemal surface, r the 
right side, and I the left side of each zooid, and the dark line 
the median plane of the stolon. My studies had convinced me 
that this is true of Salpa also, but according to Seeliger the 
primitive or true relation of parts in the Salpa-stolon is like Fig. 2. 

I therefore returned to the study of my specimens with 
renewed interest, and I have spent the last two months in a 
review of the subject, and I have obtained from the larger 
species a series of sections which show in the most satisfactory 
and conclusive manner that the Salpa-stolon is directly comparable, 
in every respect, with that of Pyrosoma, and that the secondary 
complications which gradually make their appearance as develop- 
ment progresses, on account of the pressure of the animals upon 
each other, are of such a character that it is very difficult to trace 
or even to discover them from the study of transverse sections of 
the stolon, while they are clearly shown and easily understood in 
horizontal sections — that is, in sections parallel to the long axis of 
the stolon, and therefore transverse to &e long axes of the bodies 
of the Salpse. 
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As the whole art of preparing serial sections has been re- 
modeled since 1880, 1 now find no difficulty in cutting and 
mounting, in their proper places, long horizontal sections of 
advanced stolons ; for, although the bodies of the constituent Salpss 

D. D. 



P. 


ria.i. 

Diagram to show the normal 
or primitive positions of the 
Salpse with reference to the 
long axis of the stolon. The 
black line is the middle line of 
the stolon; P, its proximal 
end; 2>, its distal end; the 
rectangles represent the l^ies 
of the Salpas; r, their right 
sides; h their left sides; h, 
their hasmal surfaces, and n, 
their neural or cloacal surfaces. 



P. 


Fiq. 2. 

Diagram to represent Seelig- 
er*s view of the manner m 
which the Salpsb are formed 
upon the stolon. Reference 
letters as in Fig. 1. 
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are free from each other, they remain in their proper places on the 
elide, and a consecutive series of these horizontal sections of the 
stolon reveals its whole structure and the mutual relations of all 
its constituent elements with a clearness which could never be 
attained by the study of transverse sections alone, for the hori- 
zontal sections show that the body of each Salpa gradually under- 
goes a spiral twist around the lon^ axis of its body, so that the 
planes of sections parallel to this axis — that is, transverse sections 
of the stolon — are changing continually. This change is of such 
a character that the relative positions of the various organs of 
the body are quite unlike in the successive sections of a series 
from the body of a single Salpa transverse to the stolon, and 
corresponding sections of successive stages of growth are still 
more confusing. There is no such diflBculty in the study of 
horizontal sections of the stolon, for as these cut the body of 
each Salpa perpendicular to its long axis, the twisting of the 
body around this axis is easily intelligible. 

The various writers who have failed to discover this secondary 
twisting of the bodies, and have accordingly interpreted their 
sections of the younger stages as if the relative positions of parts 
in the young buds were tlie same as they are in advanced embryos, 
have inevitably been led to conclusions which are totally erroneous. 
Seeliger, who relics on transverse sections, has failed completely, 
like all the others, and his account of the process of bud-develop- 
ment is of no more value than those given by earlier writers. 
In fact, all the writers who have recently studied the Salpa-stolon 
are totally and hopelessly astray, and none of the published 
accounts of the minute details of the process of bud-development 
have any value whatever. I shall therefore make no attempt to 
reconcile their conflicting accounts with each other or with the 
facts, but shall describe the phenomena as 1 have found them. 

When viewed fro.m above or from below, the bodies of the 
series of Salpm in an advanced chain are arranged in the way 
which is shown in Fig. 3. They form two rows, one {a) on the 
right side of the long axis of the stolon, and the other (5) on the 
left ; their hsamal surfaces (A, A, A, A, A, A) are on the middle line, 
and their neural surfaces {n, n, n, n, n, n) are external, while the 
left sides (I, I, T) of the bodies of all which lie on the right side 
of the stolon, and the right sides (r, r, r) of those on its left, are 
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P 


Fia. 3. 

Diagram of the oral ends of 
the holies of six of the Salpas 
in a mature chain, to show 
their relative positions. P, 
proximal end of stolon ; D, 
distal end of stolon: a, the 
series of Salpas on tlie right 
side of the chain ; the series 
of Salpae on the left side of the 
chain ; ti, n, neural surface 
of the body of the chain-Salpa ; 
hi hi hi ha3mal surface ; r, r, r, 
right side of Salpa ; /, left 

side of Salpa. 


directed towards its base or proximal 
end (P). The left side of each Salpa 
is adjacent to the right side of the ad- 
jacent Salpa on the same side of the 
stolon, and also adjacent to the left 
side of the adjacent Salpa on the op- 
posite side of the stolon. 

Todarro and Salensky believe that 
this, tlie final position of the indivi- 
duals, is the position in which they 
arise on the stolon, while Seeliger cor- 
rectly shows that the double series is 
secondary. He believes, however, 
that they arise on the stolon in the 
positions which would be occupied by 
the embryos in Fig. 3 if they were 
driven together into a single series. 
Figure 4, which I have abstracted from 
Fig. jB, on page 30 of his paper, will 


servo to illustrate his view. He holds 



that the neural portions (ti, n, n, Fig. 4) 
of the bodies of one-half the Salpie, 
and the haemal portions (A, A, h) of the 
bodies of the other half, arise on the 
same side of the stolon ; and that the 
right sides (r, f, r) of all which have 
their neural surfaces on the left side of 
the stolon, and the left sides of all the 
others, are proximal in their origin. 

He therefore derives the organs of the 
D liaemal portions of the bodies of one- 

half of the Salpae, and the organs of 
the neural portions of the bodies of the 
other half, from one side of the stolon. 
I shall show that this account of the 


Fia.4. 

Diagram to illustrate Seeli- 
ger*s view of the origin of the 
Salp«) on the ^olon. n, n, n, 
neural surfaces ; A, A, A, haemal 
surfaces ; r, r, r, right sides ; 
li li li left sides. 



FlO. 6. 

Diagram of a portion of a 

S stolon, to show the 
ive positions of the Sal* 
^ ; letters as in Fig. 4. 


process is totally erroneous, and that 
we liave in Salpa, as in Pyrosoma, a 
single series (Fig. 5); that all the 
neural surfaces (n, n, n, n) arc prox- 
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imal in their origin, and all the hsemal surfaces (A, h, h, h, h) 
distal ; while the right halves of the bodies of all {r, r, r, r, r) 
arise on the right half of the stolon, and their left halves on the 
left ; that corresponding parts of all the ascidians in the series 
arise in Salpa, as they do in Pyrosoma, in corresponding positions 
upon the stolon ; that the middle plane of symmetry in the Salpa- 
stolon is identical, like the middle plane of the stolon of Pyro- 
soma, with the middle planes of the bodies of all the ascidians 
in the series ; and that the final position of the bodies of the 
chain-Salpse, which is shown in Fig. 3, is the effect of two 
secondary changes in position, one of which has been detected 
by Seeliger, while he has failed to discover the other, just as 
Todarro, Salensky and other writers have overlooked both of 
them. 

During the development and growth of the chain the con- 
stituent Salpse are crowded alternately to the right and to the 
left, as Seeliger has shown, and while this change is taking place 
each Salpa rotates upon its long axis until its hsemal surface 
becomes internal and its neural surface external, and the position 
shown in Fig. 3 is assumed. 

This rotation does not affect all parts of the body at the same 
time. The oral ends of the Salpse, with their ganglia, are the 
first portions of the bodies to push out towards the sides and to 
form an alternating double row, but they are the last to rotate. 
The nuclear or ab-oral ends of the bodies are the first portions to 
become free from each other and from the wall of the stolon, 
and the rotati 9 n begins at the nuclear end of each Salpa at a 
very early stage of its development, and gradually, extends 
upwards towards the oral end as development progresses and 
the body becomes more and more completely separated from the 
stolon. ' The oral ends are last affected, and for a long time after 
the nuclei, the cloacse, the gills, and the greater part of each bran- 
chial sac are in their final positions, the oral ends of the bodies, 
although they form an alternating double row, still have all 
their right sides towards the right side of the stolon, and all their 
ganglia towards its proximal end. 

Fig. 12, which is a slanting horizontal section of a stolon at 
this stage, cutting the bodies of the chain-Salpse transversely at 
higher and higher levels, exhibits the extent and character of the 
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process of rotation. As the thickness of the body of a e}iain-Salpa 
from side to side is considerably less than its depth on the middle 
line, a series placed side by side can be packed along a much 
shorter stolon than that which would be required if they were 
placed dorsum to venter, in the positions which they occupy 
when young, and the rotation of their bodies therefore serves, 
like the formation of a double row, to increase the number which 
can be developed at one time upon the stolon. 

After all the secondary changes which arc thus brought about 
are eliminated, the Salpa-stolon becomes directly comparable 
with that of Pyrosoma, and as there are no secondary changes in 
Pyrosoma, the clearest and most intelligible method of presenting 
the facts is to begin with a short account of the Pyrosoma-stolon, 
as the simplest expression of the phenomena in question, and 
then to describe the various changes through which this becomes 
converted into the complicated Salpa-chain. 

The egg of Pyrosoma gives rise to a rudimentary ascidian or 
cyathozooid; this develops a stolon which becomes converted 
into a chain of four ascidizooids, each of which produces a 
stolon from which other ascidizooids are formed, and each one of 
these gives rise to a stolon from which other ascidizooids are 
formed, and so on indefinitely. 

Fig. 6 is a diagram copied from Kowalevsky’s Fig. 7, and it 
represents a young stolon as seen in longitudinal sc(;tion, while 
Fig. 7 is a copy of his figure of a transverse section of the same 
stolon. It consists — Ist, of an ectodermal tube {ec) derived from 
the ectoderm of the haemal surface of the body of the parent (P) ; 
2d, of an endodermal tube {en) the cavity of which is a continua- 
tion of the branchial cavity or pharynx (J) of the parent, while 
its wall is derived from the endoderm of the fold between the 
halves of the parental endostyle {e $) ; 3d, of two cloacal tubes (o), 
one on each side; 4th, of a nerve-tube (/i), and 6th, of an ovary (o), 
which is derived from the ovary (o) of the parent (P). The stolon 
produced by the cyathozopid, those produced by the four priinary 
ascidizooids, and those produced by the numerous secondary, 
ascidizooids, are essentially alike; in each case the stolon arisea 
on the haemal surface of the body ; in each case its endodermal 
tube opens into the branchial sac, and its wall comes from the 
fold between the halves of the endostyle, and in each case ita 
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Fig. fl. 

Longitudinal section 
of the young stolon of 
Pyrosoma, from Rpw- 
alevsky. ec, ectoderm, 
en, endoderm; n, nerve 
tube ; 0 , ovary ; P, pa- 
rent ; branchial sac 
of parent; es, eudostyle 
of parent. 



Fig. 7. 

Transverse section of the young stolon of Pyro- 
soma, from Kowalevsky. ec, ectoderm, en, endo- 
derm ; n, nerve-tube ; c, c, cloacal tubes ; o, ovary. 


transverse section is essentially like Fig. 7, except that no ovary 
has as yet been discovered in the stolon which is produced by the 
egg-embryo or cyathozooid. • 

In each case the stolon lengthens and soon becomes divided by 
circular constrictions into a series of segments, each of which 
gradually assumes the characteristics of an ascidizooid, as shown 
in Fig. 8. 



Diagrammatic longitudinal section of an advanced Pyrosoma-stolon, 
compiled from the figures and descriptions given by Iluxley and Kowa- 
levsky. P, parent ; i, 77, 777, three segments of the stolon at succes- 
sive stages of development ; 6, y^\ branchial sacs ; c'-', c'-", 

cloacas or median atria ; e, excurrent aperture of cloaca ; ec, ectoderm ; 

endoderm ; es, ««", endostyles ; ganglia ; o, o', o", 

o'", ovaries ; d'", stomach ; «, stolon. 
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This figure is a diagram compiled from Huxley’s figures and 
description, and from Kowalcvsky’s Taf. XXXYII, Fig. 7, and 
Taf. XLI, Fig. 56. The gill-slits and the lateral atria are omitted, 
and the outlines of the bodies arc a little altered, in order to 
facilitate comparison with Salpa, but the relations between the 
various parts will be found, upon examination, to be as they 
are described and figured by the two writers on Pyrosoma. 

The stolon soon becomes enlarged at its tip, and the terminal 
segment (or in the case of the stolon produced by the cyathozooid 
each one of the four segments) gradually becomes converted into 
an ascidizooid (Fig. 8, III) which is, placed with its right side 
on the right side of the stolon, its neural surface .{n) towards 
the base of the stolon, or towards the haemal surface of the 
parent (P). 

The plane of symmetry in the stolon is the same as the middle 
plane of the body of the young bud and that of the parent, and 
the various regions of the body of the bud are placed like those 
of the parent. The branchial sac (J"') of the bud communicates, 
through the endodcrinal tube of the stolon, with the branchial 
sac (J) of the parent (P). This tube, which arises between the 
halves of the endostyle {es) of the parent, opens into the neural 
surface of the branchial sac of the bud, while the endostyle {e^") 
is developed upon its opposite or hsemal side. The digestive 
tract is formed as an outgrowth or diverticulum {d'") from the 
right half of the ab-oral end of the branchial sac, and the cloaca 
{d") is formed by the union of the two cloacal tnbes of the young 
stolon. It ultimately opens to the exterior on the neural surface 
of the body at c. 

After tlie terminal bud (III) is well advanced, the second bud 
(II), also begins to assume the organization of an ascidizooid, 
and each stolon usually presents three or more segments in 
.various stages of development, the terminal one being most 
. advanced. In the stolon produced by the cyathozooid, however, 
all four segments develop simultaneously. In the latter case, 
however, as well as in the ordinary stolon, all the animals are 
placed in the same position, and this is directly comparable with 
the position of the animal which produces the stolon. The 
right and left sides of all the buds are respectively on the right 
and left sides of the stolon ; their nuclear or ab-oral ends corre- 
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spond with each other, and with the nnclear end of the parent ; 
their oral ends are all aimilarly placed ; their neural surfaces are 
all proximal, and all the hsemal surfaces are dieted or towards 
the tip of the stolon, as is also the hsemal surface of the parent. 
Each of the animals in the series, the parent as well as all the 
others, is joined to the body of the next one by a double tube or 
stolon, which consists of an outer wall of ectoderm and an 
endodermal tube the proximal end of which arises between the 
folds of the endostyle on the hsemal surface, while its distal end 
joins the neural surface of the next animal in the series on the 
middle plane of its neural surface. By comparing Fig. 8 with 
Figs. 6 and 7, it will be seen that the various structures which 
are revealed in a transverse section may be divided into two 
classes, with reference to their history: the nerve-tube (»), 
the two cloacal tubes (e, o) and the ovary (o) very quickly 
become divided into portions which become entirely independent 
of each other, and give rise to the ganglia (Fig. 8 n*), the 

cloacse pr median atria (</', o'"), and the ovaries (o’, o’, o’) of the 
young ascidians, while the ectodermal tube (ec) and the endoder- 
mal tube (on) persist for a much longer time, and do not become 
discontinuous until the young ascidian is set free at the end of 
its embryonic life. Up to this period its branchial sac maintains 
its channel of' communication with that of its parent, and the 
blood-cavities are also in communication with each other. 

The process of bud-development in Pyrosoma, therefore, is not 
a process of budding from the walls of the stolon, but it consists 
in the direct conversion of the segments of the stolon into the 
bodies of the new organisms : and the advanced stolon, at the 
stage shown in Fig. 8, consists of a series of slightly modified 
tubular portions, alternating with portions which are undei^oing 
development into ascidians ; it is therefore divided up, from base 
to tip, into a series of alternating segments, which are alternately 
unmodified and developed into new animals. In the ordinary 
stolon the ascidians are close together, and the unmodified portions 
of the tube are short ; and 1 have in the diagram lengthened them 
in order to facilitate comparison with Salpa. In the stolon 
which is produced by the oyathozooid they are, however, much 
longer than I have represented them in the diagram, as will be 
seen by a reference to Eowalevsky’s Fig. 66. Oarefnl study of 
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this figpN) and of the various figures and the descriptions given by 
Huxley and Howalevshy, will also show that, in this case as in 
the ordinary stolon, the connecting tubes are hsemal in their 
origin and neural at their distal ends, and that the relation of 
each one of the four primary ascidizooids to the others, and to 
the parent cyathozooid, is precisely as it is in the ordinary 
stolon. 

Before an ascidizooid like the one shown at 111 in I^g. 8 is 
set free, the stolon by which it is destined to produce new 
organisms like itself can be found at a upon its hsemal surface, 
composed of an ectodermal sheath, and of an endodermal tube 
which arises between the halves of its endostyle ; and after No. Ill 
in the figure is set free, the tube which had connected it to No. 
II furnishes tlie basis for the stolon of No. II. 

It will therefore be seen that the process by which the four 
primary ascidizooids are developed from the egg-embryo, that by 
which secondaiy ascidizooids a^re developed from the primary 
ascidizooids, and that by which the successive generations arise 
from the bodies of the secondary ascidizooids and their descend- 
ants, is the same throughout ; and that each one arises in the 
same manner and in the same relation to the one before it in the 
series as all the others. 

In fact, the whole Pyrosoma-community or ascidiarium may be 
regarded as a single stolon with discontinuous development. 

Turning now to Salpa, we have a life-cycle which consists, 
first, of the solitary Salpa hatched from the egg, and, secondly, 
of chains of Salpse which are developed from the proliferating 
stolon. The stolon (which is shown at a very young stage in 
longitudinal section in Fig. 9, which is copied from Seeligeris 
Fig. 2, Taf. 1, and in transverse section in Fig. 10, which is 
drawn from one of my own sections) arises from the hsemal sur- 
face of the solitary Salpa, and consists of an outer wall of ecto- 
derm («o); an inner endodermal tube (e»), which opens into the 
branchial sac of the solitary Salpa and arises in the fold between 
the halves of its endostyle; a nerve-tube (n), which quickly 
divides up into a series of ganglia (Fig. 11 », n, ») which 
develop discontinuously ; an ovary (o), which gives rise to the 
single ovum (o^, o', o') which is found in each chain-Salpa, and 
two cloacal tubes (o, o), which divide tip, at a veiy early stage of 
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Longitudinal section of Fio. 10. 

a young Salpa>stolon, from Transverse section of a young stolon of 
Seeliger’s Plate I, Fig. 3. Salpa. c, c, cloacal tubes ; ec, ectoderm ; 
ec, ectoderm ; en, endo- en, ondoderm ; m, mesodermal tubes ; n, 
derm ; n, nerve-tube ; o, nerve-tube ; oh, oral hromal tube ; ah, ab- 
ovary. oral hflemal tube ; o, ovary. 


development, into two series of closed vesicles, which ultimately 
unite on the middle line of each chain-Salpa to form its cloaca 
(o', o', o') or median atrium. There are two minor differences 
between the young stolon of Salpa and that of Pyrosoma : the 
whole ovary (Fig. 9 o) is contained within the stolon, and there 
are two tubular masses of cells (m, m) which form the muscles of 
the Salpae, and have never been detected in the Pyrosoma-stolon. 

The Salpa-stolon soon becomes greatly elongated, and divides 
up into a very great number of chain-Salpas, which form a single 
series placed in corresponding positions, as shown in Fig. 11, 
each joined to the one beyond it by a tube of ectoderm which 
contains an endodermal tube arising on the hsemal surface 
between the halves of the endostyle, and joining the neural sur- 
face of the next one in the series. The middle plane of the 
symmetrical stolon is the same as the middle plane of the body 
of the solitary Salpa, and those of all the chain-Salpse ; the right 
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side of the solitary Salpa and the right sides of all the zooids 
are on the right of the stolon; the hsamal surfaces of all are 
towards the tip of the stolon, their neural surfaces turned away 
from the tip, and their oral and ab-oral ends are all in corre- 
sponding positions. 


TL 

FIO. 11. 

Diagrammatic longitudinal section of an advanced Salpa-stolon, showing the con- 
stituent Salpes in the positions which they would occupy were there no secondary 
changes of position during growth. P, parent or solitar3r Salpa ; the youngest and 
most proximal chain ; i/, //, 11 y II y the series of ascidians which makes up the 
second chain ; Illy Illy III, Illy the series of ascidians which forms the oldest chain ; 
5//^ y//^ branchial sacs ; the cloacie or median atria ; d^^y d'"y the digestive 

tracts ; My ectoderm ; dy eleoblasts ; hy heart ; my endoderm ; es, endostyle ; Qy gill ; 
ft, ganglia ; 0^^, o'^'y ova. 

The relation which the solitary Salpa bears to the first chain- 
Salpa in the series (the last which it produces) is exactly the 
same as the relation between this one and the next, and the 
solitary Salpa is as strictly a member of the series as any of the 
others, and although it is much more mature 'than any of the 
others, the development of its stolon begins while it is still an 
embryo. 

As is the case with Pyrosoraa, the segment at the tip of the 
stolon is much more advanced than the one at the base, and it is 
set free while the latter is still embryonic ; but while the stolon 
of Pyrosoma (Fig. 8) presents a series of three or four zooids in 
successive stages of development, the stolon of Salpa presents us 
with a series of sets of zooids, from fifty to a hundred in each 
set, all those in one set being at nearly the same stage of develop- 
ment, and the most distal set the oldest. 

The diagram represents only four in each set, as these are 
enough to exhibit their relation to each other ; and I may also 
state here that the zooids which make up each set are not always 
in exactly the same stage of development. In fact, there is, 
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daring the young stages, a marked gradation, the distal members 
of the set being more advanced than the proximal ones; nor is 
the transition from one set to the next abrupt, as shown in the 
diagram, the distal member of one set being separated from the 
proximal member of the next set by a few intermediate or transi- 
tional zooids. 

Owing to the very great numbef of zooids in the series, they 
are packed so closely that the connecting tubes are very short, 
but 1 have lengthened them in the drawing for convenience in 
lettering, and also in order to express more clearly the fact 
that the Salpss are not formed as buds from the wall of the 
stolon, but by the direct development and metamorphosis of 
its constituent tissues and cavities, exactly as is the case in 
Pyrosoma. 

The diagram represents the stolon as it would be if there were 
no secondary changes, due to crowding and pressure ; but long 
before the bodies of the chain-Salpee are as well developed as 
they are represented in the second set in the diagram, the 
secondary complication^ begin to manifest themselves. The 
nerve-tube divides at a very early stage into a series of closed 
vesicles each of which ultimately becomes the ganglion of a 
Salpa. Fig. 10 shows that the nerve-tube is at first on the middle 
line of the oral surface of the stolon, above the digestive tube, 
but as soon as it divides into segments these push alternately to 
the right and to ‘the left, finally descending to the level of the 
digestive tube or a little below it, and forming two rows, one on 
each side of the stolon, so that if this change were represented 
in side view in the diagram (Fig. 11), the connecting tubes 
between the Salpse should be represented as alternately hidden 
behind and hiding the ganglia, as shown in horizontal section 
in Fig. 14, while Fig. 15 shows the appearance which would be 
presented by a horizontal section or an oral view of Fig. 11. 
The oral ends of the bodies undergo no other change untU the 
chain is nearly mature and almost ready to be discharged, but 
the ab-oral ends of the bodies not only crowd alternately to the 
rmht and to the left, like the oral ends, but also become twisted 
u^n themselves around their long axes in such a way as to 
carry their neural or cloacal surfaces outwards. 

This twisting begins at the ab-oral or nuclear ends of their 
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A section through an advanced stolon 
tnuMverse to the long axes of the bodies of 
the Salpn, and ihollned to the long axis of 
the stolon, so that the SalpgB 20 and 21, at the 
»roxlmal end of the series, are out through 
heir nuclei and their eleoblasts, while those 
At the other end of the series (1 and 2) are out 
through their oral ends. The section was 
mounted with the oral surface below, and 
the right half of the stolon R Is therefore on 

S ie left side of the figure. P, proximal end ; 

; distal end ; L, left, and if, right side of 
atolon; I, left side, and r, right side of each 
Balpa. If there were no displacement, the 
8alp» would form a single series of 21 ani- 
mus, as numbered, and the odd numbers 
have become crowded Into the right side, and 
the even ones into the left bf the pressure of 
adlaoent Balpm. a, anus; c, cloaca; ei, eleo- 
blast; St, endostyle; g, gill: h, heart; <. Intes- 
tine; It, left half of bran<mlal sac; right 
half of branchial eac; I, left side of Balpa; r, 
ri^ht side of Balpa; o, ovum; f, stomadh; si, 
mouth; a, fanglia; m, neural surface. 


bodies as sobn as these are 
veloped, and it keeps pace with 
the gradual growth of tiie 
SalpsB, so that that portion of 
the body of each Salpa which 
lies below the level of the 
stolon has one of its sidel 
towards tbe proximal end 
the stolon, the other side dist- 
al, and its hsamal surface tow- 
ards the middle line of the 
chain; while the portion of 
the body which lies upon the 
level of the stolon or above it 
retains for a long time a posi- 
tion which is nearly normal, 
with its right side towards the 
right side of the stolon, and 
its neural surface towards the 
base of the stolon. 

Fig. 12 is a horizontal sec- 
tion through a stolon in 
which the bodies of the Salpss ' 
have pushed to the sides, thus 
forming a double row, and in 
which the lower or nuclear 
ends of the bodies have rota- 
ted, so that their cloacal or 
neural surfaces are external, 
while their upper or oral ends 
are more nearly in their prim- 
itive positions, with their 
ganglia (n, n, n) towards the 
base of tbe stolon, and tiie- 
right sides of all (r, r, r, r, r) 
towards the right .side of the _ 
stolon. As the stolon is not 
straight, but curled into the. 
arc of a circle, a section which 
cuts the bodies of some of the 
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SalpsB transversely at the level of .the stolon, will cut others at 
lower and lower levels, so that a single section like the one which 
is figured not only shows the relation of the bodies to each 
other, but it also gives such a series of transverse sections of the 
constituent Salpse as is equivalent to a consecutive series of 
transverse sections of a single one. 

' The section which is figured slants upwards distally, so that 
the animals nearest the proximal end (P) of the stolon (21 and 20) 
are cut through their nuclei and eleoblasts ; those which aiw a 
' little more distal (15 and 16) through their branchial sacs, gills 
and cloacsB ; those a little higher up (10 and 11) through their 
ganglia (ti, n); 7 is cut through its line of union with the ecto- 
derm of the lower surface of the stolon ; 6 through its line of 
concimunication with the lower hsemal tube of the stolon; 5 
ilu^gh its area of communication with the endodermal tube of 
the stolon ; 4 and 3 through their communication with the upper 
hsemal tube of the stolon; 2 through the area of union with the 
ectoderm of the stolon ; and 1 is cut above or on the Oral side of 
the stolon. 

As the series to which the section belongs was begun at the 
ab'Oral surface, the Salpse are placed with their nuclear or 
ab-oral ends towards the observer, and their oral ends below the 
plane of the pa^er. The right side (P) of the stolon is therefore 
on the left of the figure, the small letters I and r indicating the 
left and right sides of each Salpa. Owing to the curvature of 
the stolon, no two of the Salpse. are cut in perfectly parallel 
planes, and the successive sections become more and more oblique 
as we pass from J) to P. The greater distance between the 
bodies of the Salpse at the proximal end (P) of the series ia 
another effect of the curvature of the stolon. Between Ko. 1 < 
and Ko. 7 the Salpse lie so close together that there is no room 
for the reference-letters, and I therefore give another figure (13), 
representing Nos. 3-7 of Fig. 12 in their natural relation to 
each other and to the stolon, except that the connecting tubes of 
the stolon are represented as lengthened. 

* . The section numbered 21 passes through the eleoblast (s2), the 
stomach {s) and the intestine («) ; the middle plane of the body 
is at right angles to the long axis of the stolon, the neural 
surface {ns) external, and the left side proximal. In the next 
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fbnr BeotionB (20, 19, 18, 17) the 
OBBophagas iB shown opening at 
the month (m) into the right half 
of the branchial eac (rft), which is 
separated fiom the left half {Jh) 
by the base of the gill (p). In 
these four sections the heart (A) is 
also shown on the right side of 
tlte hsemSl end of the body. The 
intestine (» 20, 21) opens through 
the anus (o 17 and 18) into the 
cloaca (c 18), on the left side of the 
^11 (g). The egg (o) is shown in 
17 and 20. Figs. 15 and 16 still 
have their neural surfaces out- 
wards and the middle plane at 
right angles to the long axis of 
the stolon, but the endostylc is 
oblique, its right half in Fig. 16 
and left half in Fig. 15 inclining 
towards the far side of the stolon. 
This is the first indication which 
is met with at the ab-oral end of 
the body of the primitive position 
of the Salpse on the stolon, and 
careful examination will show that 
it is the left halves of the endo- 
styles of the odd numbers which 
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Nos. 8, 4, 5, 6 and 7 of Fig. 13, 
separated from each other hy th» 
imaginary elongation of the con- 
necting tubes, in order to make 
room for the reference-letters. P, 
the proximal end of the stolon ; J), 
its distal end ; B, its right side ; Z, 
its left side ; r, r, r, the right sides 
of the Salpae; I, f, I, their left 
sides; ec, the ectodermal tube of 
the stolon (compare Fig. 10) ; en, 
the endodermal tube of the stolon ; 
oh, oral haemal tube of stolon ; ah, 
ab-oral haemal tube of stolon; n, 
ganglia and neural surfaces ; 7i$, h$, 
haemal surfaces; rb, right half of 
branchial chamber ; lb, left half of 
branchial chamber. 


are on the right side {B) of the stolon, and the right halves of the 


endostyles of the even numbers, which begin to push in towards 


the opposite side ; and, if the series from 14 to 6 be carefully 
studied, it will be seen that the left halves of all the endostyles 
ultimately pass into the left side, and the right halves into the 


right side* The series also shows that all the hearts are adjacent 
to the right halves of the endostyles, and the study of youngejr 
stipes shows that all the hearts and all the stomachs and intes* 
tines are derived from the right half of the stolon. 

Ih^Nos. 8,9 and 10 the ganglion (n) is towards the base of the 
stdlon^ and the right sides of all three towards the right side 
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of the stolon. Although the Salpn form a double row here^ as 
they do at a lower lerel^the sections in tiiis plane show that this 
is only apparent, and is due to the necessity for finding -room for 
the great ganglia of the closely packed series of animals. The 
figore shows that the series is in reality a single row of animals, 
with their neural surfaces towards the base of the stolon, and 
with one-half of the branchial sac and endostyle compressed into 
Ae space between two other animals, while the other side is free 
and enlarged. The reference-letters for the sections which ara 
numbered 8-7 are on Fig. 13, which should be compared with 

Fig. 12. 

In No. 7 the left half of the branchial sac (2&) and that of the 
endostyle are obviously on the left side (Z) of the stolon, although 
the animal itself belongs to the series on the right side. Its ecto- 
derm is continuous with thb ectoderm of the bottom of the 
stolon, and its body-cavity communicates with the lower at 
alH}ral hssmal tube (oA) of the stolon, which is the same as the 
cavity shown in transverse section at oA, Fig. 10. In Noii 6, 
a section of one of the animals on the left side, the body-cavity 
opens into the ab-oral haemal tube (oA), the ectoderm is contin- 
uous with tiiat of the stolon, and the right half of the endoi^le 
and the right half of the branchial sac are separated from the 
corresponding portions on the left by the cavity of the stolon, 
whidi latter is therefore in the vertical plane between the letters 
I and; r of No. 6, part of the body of the Salpa. No. 5 is a 
transverse section of the body at the level of the endodermal 
tube of the stolon, which is shown at en in Fig. 10. The tube 
is cut obliquely, so that the fiat surfaces of its upper and lower 
walls are shown, as well as its central cavily. No. . 6 shows that 
this cavity is here part of the branchial sac, and that one-half of 
the endostyle is on one side of it, and the other half on the other 
side; No. 4 communicates with the oral hssmal tube (oA) of the 
stolon in the same way that No. 6 communicates with the ab^ 
oral one (oA), and in No. 3 the ectoderm of the body is oontin- 
uouB with that of the oral surface of the stolon, and the two 
dividons of the b^ohial sac are approaching, and in No. 2 th^ 
have met and united above the stolon. 

H we now construct, in imagination, the body of a nagle 
diain-Salpa fiom the series of transverse sections, we aha]} flnfi 
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that the cavity of the stolon is in reality part of the cavity of its 
body, and that the hsBmal surface of the branchial sac of etad| 
Salpa gives rise between the folds of the endostyle to an endor 
dermid tnbe which connects it with the neural surface of the 
branchial sac of the next one in the series, and that the Salpsa 
are not buds on the wall^ of the stolon, but segments of the 
stolon itself. 

As the stolon is curved, it is difficult to get a long section in a 
single plane, but such a section at the level of No. 5 of Figs. IS 
and 13 would give us the condition of things which is shown in 
Fig. 14. This figure is a diagram, formed by repetition of Noa 
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Diagrammatio horizontal section formed Oral view of Fig. 14 
by repeating the sections shown in Figs. 14 as it would appear & the 

and Is, No. 5. As the two sides of this ganglia retained their 

figure are alike, I have reversed the lettering primitive positionB in a 

so as to bring tiie right, side It of the stolon single series above the 

into .the right side of the figure. P, the tube of the stolon. An 

mximal efid of the series ; P, its distal end ; oral view of the diagram 

M, the right side of the stolon ; r, r, the shown in Fig. 11 would 

light sides of the Salpe ; L, the left side of be like Fig. 15. 

stolon ; I, h the left sides of the Salp» ; 

Sh— o— a, the connecting tubes of the 
stolon ; eCf its edtoderm ; eA, its endodenn. 
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i -Ji, of Fig. 13, and the endodermal tube (e») of the fttolon is laid 
open longitndinallj. The section from which Fig. 12 was dtawn 
' -was monnted upon the slide with its oral surface below, and its 
right side on the left hand, but as Fig. 14 would be the same 
whether viewed from above or from below, 1 have reversed the 
reference-letters, and the figure is therefore supposed to lie with 
' . its oral surface towards the observer. The stolon is now ^n to 
be made up of a series of unmodified connecting portions 
nztem'al to the Salpss {a — a, a — a, a — a), and altema^g 
with thesd a series of segments (? — r, I — r, I — r), which are 
converted into Salpse. The bodies of the Salpee form a single 
series, with the right sides (r) of all of them on the right side 
{B) of the stolon, and their ganglia towards its base. The 
' ganglia do not, however, form a single series above the level 
of the stolon, as they are represented in Fig. 11, but a. double 
series below its level, and, in accordance with this change in the 
. positions of the ganglia, the branchial sacs have become com- 
pressed and distorted so that the right halves of one-half of them 
and the left halves of the others are very small. At an earlier 
stage the ganglia are above the stolon in a single series on the 
middle line, and if this position were permanent, the section 
which is shown in Fig. 14 would be like Fig. 15, which is also 
an oral view of the most advanced portion of Fig. 11. 

The Salpa-chain is therefore a single series of animals like the 
Fyrosoma-stolon; the middle plane of the stolon is the same as 
those of the Salpse: the right halves of all the bodies arise on the 
right half of the stolon, and their left halves on its left, and they 
are not formed by budding from its walls, but by the direct con- 
version of its tissues and cavities into those of the Salpa. The 
process is directly comparable, in every particular, with the pub- 
lished accounts of what occurs in Fyrosoma. 

It will also be noticed that the egg-embiyo or solitary Salpa is 
a member of the series, and that the only essential difference 
between it and the other members of the chain is its more rapid 
' Iprowth. The right half of each symmetrical organ arises on the 
right side of the stolon, and the cloaca is at first composed of two 
vesicles, which ultimately meet on the middle line and form a 
' Single cloaca directly comparable with the median atrinm nf 
Fyrosoma. The hearts and the digestive tracts, hbwevwj atll 
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arise on. the right side, although the lelft half of the endostyle an<| 
the left half of the branchial sac come from the left side of the 
stolon. 

Baltimobr, ifarcA 80, 1886. 


EXPLANATION OP THE PIGUEES, 

Fig. 1, Page 455. 

jftagram to show the normal or primitive positions of the Salpss 
with reference to the long axis of the stolon. The black line is the 
middle line of the stolon; Pj its proximal end; its distal end; 
the rectangles represent the bodies of the Salpse; r, their right sides; 
Z, their left sides; their hssmal surfaces, and n, their neural or 
cloacal surfaces. 

Fig. 2, Page 455. 

Diagram to represent Seeliger’s view of the manner in which the 
SalpsB are formed upon the stolon. Eeference-letters as in Fig. 1. 

Fig. 3, Plate XXVIII. 

Diagram of the oral ends of the bodies of six of the Salp» 
in a mature chain, to show their relative positions. P, proximal 
end of stolon ; D, distal end of stolon ; a, the series of Salpas on the 
right side of the chain ; S, the series of Salpse on the left side of the 
chain ; n, 7^, neural surface of the body of the chain-Salpa; A, A, A, 
haemal surface ; r, r, r, right side of Salpa ; Z, Z, Z, left side of Salpa. 

Fig. 4, Plate XXVIII. 

Diagram to illustrate Seeliger^s view of the origin of the bodies of 
the Salpse on the stolon, n, n, n, neural surfaces ; A, A, A, haemal 
surfaces ; r, r, r, right sides; Z, Z, Z, left sides. 

Fig. 6, Plate XXVIII. 

Diagram of a portion of a young stolon, to show the primitive 
positions of the Salpae; letters as in Fig. 4. 

Fig. 6, Plate XXVIII. 

Longitudinal section of the young stolon of Pyrosoma, froni 
Eowalevsky. ac, ectoderm, aw, endoderm; n, nerve-tube; o, ovary} 
P, parent; J, branchial sac of parent; endostyle of parent. 

Fig. 7, Plate XXVIII. 

Transverse section of the young stolon of Pyrosoma^ from Kowar 
levsky. sc, ectoderm, sw, endoderm; w, nerve-tube; c, c, cIosmmI 
tubes; 0 , ovary. 
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Diagrammatio longitudinal section of an advanced Pyrosoma- 
•atolon, compiled from the figures and descriptions given by Hnxiey 
and Kowalevsky. P, Parent; I, JI, III, three segments of the 
stolon at successive -stages of development; I, V", V’\ branchial 
sacs; d\ d", cloacte or median atria; e, excurrent aperture of cloaca; 
eo, ectoderm ; en, endoderm ; ea, ad', ed", endostyles ; n", n"', ganglia ; 

0 , d, d', d", ovaries; d'", stomach ; s, stolon. 

Fig. 9, Plats XXVIII. 

Longitudinal section of a young Salpa-stolon, from Seeliger’s 
Plate I, Fig. 2. ee, ectoderm; en, endoderm; n, nerve-tube; o, 
ovary. 

Fig. 10, Plate XXVIII. 

Transverse section of a young stolon of Salpa. c, c, cloacal tubes ; 
ee, ectoderm; en, endoderm; m, mesodermal tubes; n, nerve-tube; 
oA, oral hsamal tube; ah, ab-oral hemal tube; o, ovary. 

Fig. 11, Plate XXVIII. 

Diagrammatic longitudinal section of an advanced Salpa-stolon, 
shoving the constituent Salpe in the positions which they would 
occupy were there no secondary changes of position during growth. 
P, parent or solitary Salpa; I, the youngest and most proximal 
chain; II, II, II, II, the series of ascidians which makes up the 
second chain t III, III, III, III, the series of ascidians which forms 
the oldest chain; V, V", branchial sacs; c", d", the cloacae or median 
atria; d",^", the digestive tracts; ec, ectoderm; al,/eleoblasts; A, 
heart; en, endoderm; es, endostyle; g, gill; n, ganglia; d', d", ova. 

Fig. 12, Plate XXIX. 

A section through an advanced stolon transverse to the long 
axes of the bodies of the Salpae, and inclined to the long axis of 
the stolon, so that the Salpse 20 and 21, at the proximal end of the 
series, are cut through their nuclei and their eleoblasts, while those 
at the other end of the series (1 and 2) are out through their oral 
ends. The section was mounted with the oral surface Mow, and the 
raht half of the stolon B is therefore on the left side of the figure. 
P, proximal end; D, distid end ; L, left and B, right side of stolon; 

1, left side and r, right side of each Salpa. If there were no displace- 
ment» the Salpse would form a single series of 21 animals, as numbered, 
lOid the odd numbers have become crowded into the right side, and 
&e even ones into the left by the pressure of a^jaMut Sidpae. 
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Of aiMis; Of cloaca; elf eleoblast; eSf endosi^le; gf gill; hf heart; 

inteetine; Ibf left half of branchial sac; rbf right half of branchial 
sac; If left side of Salpa ; r, right mde of Salpa; Of ovum ; a, stonoach ; 
nif mouth; n, ganglia; ns, neural surface. 

Fio. 13, Plate XXIX. 

Nos. 3, 4, 5, 6 and 7 of Fig. 12, separated from each other 
by the imaginary elongation of the connecting tubes, in order to 
make room for the reference-letters. P, the proximal end of the 
stolon ; Df its distal end ; P, its right side ; £, its left side ; r, r, r, the 
right sides of the Salp»; If 2, 1, their left sides; sc, the ectodermal* 
tube of the stolon (compare Fig. 10) ; en, the endodermal tube of the 
stolon; ohf oral hasmal tube of stolon; ah, ab-oral haemal tube of 
stolon; n, ganglia and neural surfaces; As,. As, haemal surfaces; rA, 
right half of branchial chamber ; ZA, left half of branchial chamber. 

Fia. 14, Plate XXIX. 

Diagrammatic horizontal section formed .by repeating the sec- 
tions shown in Figs. 14 and 12, No. 5. As the two sides of this 
figure are alike, I have reversed the lettering so as to bring the 
right side P of the stolon into the right side of the figure. . P, the 
proximal end of the series; D, its distal end; P, the right side of 
the stolon ; r, r, the right sides of the Salpas ; L, the left side of the 
stolon; If If the left sides of the Salpas; a — a, a — Of the connecting 
tubes of the stolon ; cc, its ectoderm ; its endoderm. 

Fig. 15, Plate XXIX. 

Oral view of Fig. 14 as it would appear if the ganglia retained 
their primitive positions in a single series above the tube of the stolon. 
An oral view of the diagram shown in Fig. 11 would be like Fig. 15. 
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The mechaniem is very simple. The frame {^Fig. B) oontainB 
' a horizontal screw beneath the sliding carriage (0). The 
carriage carries the knife (j^. This carriage is moved forward 
bj turning of screw. Two arms of the frame support the axis 
of the revolving wheel {E\ to which the imb^ded object u 
attached. The knife {K) is clamped in an upright position.on 
the arms rising from the sliding carriage, so that the edge of the 
knife is in the same horizontal plane with the centre of the axis 
ifT). Thus, as the eliding carriage is moved by the screw, so the 
knife is moved to or from the revolving object. The carriage 
slides by means of grooves on raised tracks of the frame, and is 
not directly connected with the screw, but is simply pushed by 
nut {N). This arrangement makes it impossible that any slight 
eccentricity of the screw should cause a jolting of the carpage. 

The he^ of screw is a solid wheel (M) at the end of frame, 
and has 250 ratchet-teeth on its circumference. The screw has 
20 threads to the inch (=.025 m.). The knife, therefore, is 
moved an inch by 20 revolutions of the screw ; and as there are 

250 teeth to the revolution, each tooth represents gq ^^256 

The handle (O) turns the axis (</'), to which is attached the 
wheel (E). . This wheel is four inches in diameter, and to it is 
ftstened the clamp which holds the object to be cut. The axis 
also carries a fly-wheel and an adjustable eccentric wheel (TT), 
which is figured apart in a comer of the illustration. This 
eccentric moves a lever (Z), the long arm of which is connected 
with the small chain (J?). The diain lifts a small lever (If), 
which works 4>y means of a catch (I) on the teeth of the screw- 
head, causing the screw to revolve. The small lever is steadied 
and pulled back to its place by a spiral spring (P), while another 
spring catch underneath the frame prevents the ratchet-wheel 
^m turning back. By properly adjusting the eccentric wheel 
the levers may be made to act so that the catch (/) will take any 
desired number of teeth by eveiy revolution of the object The 
knife moves only during that part of the revolution when the 
object is not in contact with the knife. The ribbon of sections 
slides downward from the knife and is caught on a piece of paper 
placed upon the table. ^ 
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The wheel holding the object, as well as the razor, can be 
liioved so that almost all parts of the edge of the razor can be 
ns6d. 

The frame bed of the microtome is made of iron, the screw of 
Meel, and all the rest is brass. Any ordinary microtome knifet 
or razor may be used. 

The 'machine has been in use here for a year and gives 
the greatest satisfaction. It 'can be used with great rapidity, 
but so far the best results have been obtained at a rate of not 
over 100 sections to the minute. The only possible error in a 
revolving microtome of this kind is theoretical — namely, that 
owing to the circular motion of the object, each section is part of 
a hollow cylinder. But in reality, with objects of ordinary size, 
this error is not apparent, and even under a high magnifying 
power there is no perceptible difference between sections cut by 
this microtome and those cut by ordinary slide microtomes. 



EMBRYOGRAPH FOR USE WITH ZEISS MICRO- 
SCOPES. 



This piece of apparatus, which is the work of Adam Pfeifer, 
' the instrument-maker of the Biological Laboratory of the Johns 
jf .Hopkins University, renders the Zeiss-Oberhausen camera avail- 
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able for drawing objects tinder very low magnifying powers. 
It oonsista, first, of a collar fitted to the arm of the microscope, 
and famished with a short draw-tube, which can be placed with 
the objective either above or below the arm ; and, second, of a 
vertical rod, supported on an arm which is clamped under the 
collar of the draw-tube, and carries a second movable arm 
resting in a collar to support the camera. This arm is held in 
place by a thumb-screw, and it may be set at any point on the 
vertical rod. When the Zeiss a, a. objective is used, and the 
camera is lowered as much a$ possible, an image magnified about 
three diameters is projected on ^o the paper, and any amplifica- 
tion greater than three diameters may be obtained by varying the 
height of the camera, and by the use of the higher objectives. 




ON THE INFLUENCE OF ALCOHOLS ON THE 
CONVERSION OF STARCH BY DIASTASE. By 

J. B. DUGGAN, M. D., Ph. D., Professor of Chemistry in 
Wake Forest College, N. G.; Late Fellow of the Johns Hopkins 
University. 

% 

On account of their marked action on living organisms, and 
simple chemical structure, the alcohols are well adapted for 
studying the relation of chemical constitution to physiological 
action, and have been used for this purpose by several observers. 
The conditions of even the simplest life-processes are so compli- 
cated that physiological action cannot be determined with accu- 
racy by direct experiment; and those made on alcohols have as 
yet shown only that, in general, their activity increases with the 
number of carbon atoms they contain. It occurred to me that 
this activity might show itself by producing a corresponding 
retardation in the conversion of starch by diastase. Of course 
it is not necessarily true that the action of a substance on' a sol- 
uble ferment is proportionate to its action on living organisms, or 
that these are in any way related, but it is natural to suppose 
that the physiological action of an alcohol is due to some definite 
chemical property or properties ; and, this being true, it seems 
not improbable Aat this same property should retard diastatic 
action, so that the amount of any alcohol required to bring about 
a certain degree of retardation could be taken as a measure of 
its physiological strength.'’ If it could be shown that this is true,, 
it would be a veiy great gain, for results could then be obtained 
having the accnrat^ of a chemical analysis. 

The following table shows the percentage by weight of each 
oi a number of alcohols, required to retard the action of diastase 
one-half: 

‘The term “strength” is used hereto avoid oinmmlocutkm. I think it will 
be seen later in what smse it is need. 
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TABLE I. 


OlasB. 

Name. 

Formula* 

Per ooht. required. 


■ Methyl, 

HCH,OH 

0.18 


Ethyl, 

CH,CH,OH 

6.82 

Primary ^ 

Propyl, 

CaHsGHsOH 

3.48 


Butyl, iso.. 

(CH.)aCHCH,OH 

2.50 


[ Amy] from fermentation, 

1.16 

Secondary, 

Propyl, 

{CH,)aCHOH 

4.48 

Tertiary, 

Butyl, 

(CH,),COH 

7.96 

Unsaturated, 

Allyl, 

CaFIaCHaOH 

4.96 

Diatomic, 

Glycol, 

CaIl4(OH), 

about 25.00 

Triatomio, 

Glycerol, 

CaH.(OH), 

“ 45.00 • 

Hexatomio, 

Mannitol, 

CBHB(OH)e no action in 10 p. c. sol. 


The amyl alcohol used was that obtained by fermentation, 
which prodqces a mixture of two or more primary alcohols. The 
one having the formula CjHj.OHj.OHjOH is present in the great- 
est proportion. On account of the large amounts of glycol and 
glycerol required, and some doubt about their purity, the figures 
given cannot be considered accurate. In the case of some of the' 
other alcohols, the quantity at my command was such that I 
could not make myself quite sure about their purity. As will 
be seen later, the presence of an extremely minute quantity of 
some acid may introduce a considerable error into the result. 
I hope to repeat the. experiments with even greater precau- 
tions than could be taken with these, but I do not think that 
any noticeable error will be found in the above figures. 

The following method was used in all of the experiments: The 
fltarch-paste was made by adding enough boiling water to 25 
grams of the best arrowroot starch to make one litre. For the 
control experiment 98 cc. of this were used, and for the others 
cc., which was made up to 98 cc. by the addition of the alcohol 
and water. The required amount of alcohol was found by using 
first a certain amount, and increasing or decreasing this accord- 
ing as the action was below or above 50 per cent, of that in the 
control flask. As within certain limits the percentage of retard- 
ation is nearly proportional to the quantity of alcohol present, 
the required amount could usually be calculated after a few 
experiments; but another determination was always made to 
prove the correctness of this. The flasks containing the starch- 
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paste were all placed in a water-bath, which was kept at 55® 0., 
and when they had attained a uniform temperature 2 cc. of a solu- 
tion of diastase were added to each. At the end of half an hour 
the reaction was stopped by the addition of a few drops of a 
strong solution of caustic soda, and the amount of sugar formed in 
each determined by Fehling’s solution volumetrically. Although 
the amount of starch present, provided there is a considerable 
excess, does not affect to any great extent the action of the fer- 
ment, by using 98 cc. of paste in the control and 49 cc. in the 
others, the amount of starch present is, in each case, proportion- 
ate to that of the sugar formed.^ 

Although the number of alcohols examined is not large, it 
seems safe to draw two conclusions concerning their action on 
diastase : 

1st. Their activity increases on the addition of each OH, 
group, as is shown by the five members of the primary series. 

2d. Their activity decreases on the addition of each OH 
group, as is seen from the fact that glycol and glycerol have but 
little action, especially the latter, while mannitol has too little, 
if any, to be determined. 

It would also appear that the secondary act less than the pri- 
mary, and the tertiary less than either ; but, as only one second- 
ary and one tertiary have been examined, this point cannot yet 
bo considered as established. The result obtained from the 
single member of the ethylene or unsaturated series points to 
the conclusion that a decrease in the number of hydrogen atoms 
causes a decrease in activity ; but here again it is not safe to form 
a conclusion. A change in that portion of the molecule not 
included in what is. known as the alcohol residue probably infin- 
ences the action of the alcohol ; but this point must be left for 
further experiments to decide. 

The principal object of this investigation being to find if the 
results given in the above table have any connection widi the 
physiological activity of the corresponding alcohols, it is neces- 
sary to consider all that has been done in this line in the way of 
experiments on living organisms. 

‘For further detaila on this and other points connected with the determina- 
tion of diastatic action, apaper by the author in the Amer. Chem. Jour.,Vol. VII, 
No. 8, may be consulted. 
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Dajardm-Beaametz and Andig4^ have studied the toxic action 
of the fermentation alcohols by determining the amount of each 
necessary to kill dogs in twenty-four hours. I think that every 
one will admit that this method can give, under the best condi- 
tions, only the roughest approximation ; and, as would be expected, 
their results show considerable variation. The following table 
gives the average number of grams per kilo, of the dog’s weight 
that produced a fatal effect when injected hypodermically, un- 
diluted : 

TABLE II. 

Ethyl, 7.09 grams. 

Propyl, 4.32 “ 

Butyl, 2.15 “ 

Amyl, 2.02 “ 

Methyl alcohol, although not produced by fermentation, was 
added to this list, and found to act about the same as ethyl, seven 
grams being required. As the alcohols from fermentation are 
usually mixtures of several isomers, and the authors do not state 
if any attempts at separation were made, these results lose much of 
their value as approximate measures of physiological action. 
The authors attempt to prove that the four fermentation alco- 
hols act in^the proportion but the evidence is by no 

means sufficient for this. 

Mora recently Binger* has studied the action of alcohols on 
the frog’s heart, and he obtains the following figures as repre- 
senting the relative amount of each required to produce a certain 
effect: 

TABLE III. 


Methyl, 

206 

Butyl, 

17 

Ethyl, 

114 

Tertiary Butyl, 40.5 

Propyl 

Isopropyl, 

59 

44.5 

Amyl, 

6.6 


The details of the method by which these figures were obtained 
are not given in a way that allows one to judge of their accuracy ; 
but what, for theoretical reasons, seems to be an error in one 
ease will be noticed later. 

'Oompt. Bend, de I’Acad. 88, 80. *Praotitioiier,'80, 889. 
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Some time ago I endeavored to find the amount of each of the 
first three primary alcohols that is required to prevent, for a given 
time, the development of bacteria in a standard solution of beef 
peptones.^ As near as could be determined, the percentage 
requiredwas: ofmethyl,8; ofethyl,5, andofpropyl, 2. Iregret 
that I have not yet been able to include a larger number of aloo> 
hols in this series. 

It will be seen that further study is necessary to show if the 
action of alcohols on diastase bears any relation to their action 
on living oi^nisms ; for while all of the observations show that 
in each case we have increased activity in tlie higher members of 
the series, it cannot be said whether the differences observed are 
actual, or are due to errors of methods and observation. It is 
certain that in some of the results given these are large enough to 
make this possible. 

An important point in studying this question is: Do all 
alcohols act in the same proportion on all living organisms t In 
the experiments of Dujardin-Beaumetz and Andig4 on doge, 
and more especially in my own on bacteria, ethyl alcohol causes a 
break in the series by showing less action than methyl. No such 
result is seen in Ringer’s experiments on the frog’s heart, or in my 
own on diastase.* Now, as ethyl alcohol is exactly similar in its 
constitution to the other members of the normal primary series, 
one is at a loss to account for this, unless we suppose that 
organisms can establish a tolerance of one alcohol, and retain 
their sensitiveness to others. My experiments, which showed 
very markedly this diminished action of ethyl alcohol, were made 
on the bacteria of putrefaction, and in solutions undergoing 
decomposition this alcohol is probably always present, and 
firequently in noticeable quantities, so that such bacteria evidently 
have had opportunity to become tolerant of its presence. It is 
much more difScult to show that dogs should be tolerant of its 
action, although it is probable that they get a little in their food, 
sudi as is in bread from fermentation ; and it is possible that it 

* Amer. Chem. Jour. VII, 03. 

*Beaesrahe8 made in the Jobiia HopUns Biologioal Laboratory last year by Dr. 
J. 0. Hemmeter, but not yet published) show that so far as the isolated heart at 
the dog is oonoemed, ethyl aledhol also causes a break in the aeries ; being less 
huttful than nutbyL—Bo. 
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is fonned in their alimentary canal from femaentation, or from 
oxidation of saccharine matter. It should also be noticed that in 
the experiments on dogs, ethyl alcohol comes much nearer to 
what we would suppose, from chemical reasons, is its proper place 
in the series, so that if this variation is due to tolerance, it is 
much less marked with dogs than with bacteria of putrefaction. 
In the human species we should expect very considerable toler- 
ance of ethyl alcohol to show itself ; and although there are no 
direct experiments on this point, it is well known that both lower 
and higher members of the series are considered poisonous in 
quantities in which ethyl alcohol produces no apparent effect. 
In the case of frogs, where there is no reason to suppose that 
they are subjected to the constant influence of any alcohol, we 
find that the series is regular, ethyl being intermediate in its 
action between methyl and propyl. I am very well aware that 
the facts here noticed are not sufficient to base a conclusion on, 
but they seem to be of enough interest to warrant their con- 
sideration ; for if it be true that an organism can become tolerant 
of one member of a series of compounds and retain its sensitive- 
ness to the others, this will have an important bearing on inves- 
tigations intended to establish the relation between chemical 
constitution and physiological action. Some experiments that I 
have made dn the action of wids on bacteria tend to establish 
this point, but they are not yet ready for publication. I hope 
soon to try the action of several alcohols on yeast, and I think 
that I shall find that here ethyl alcohol shows, proportionately, 
even less action than on bacteria. Singer’s experiments show 
that tertiary alcohols act on the frog’s heart much less than 
primary or secondary, just as in the case of diastase ; but he found 
that the secondary act rather more than the primary, while the 
refverse is true with diastase. I am inclined to think, however, 
that his results on this point are wrong, not because they differ 
with my own, but because for chemical reasons we should expect 
the secondaiy to be intermediate between the primary and the 
tertiary. 

In considering this investigation, the question suggests itself as 
to whether or not there is in all alcohols some chemical property, 
which we may term ^ alcoholicity,” just as with acids we usually 
have acidity, and with bases alkalinity. I will give a few 
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experitiients that I have made on this point, although they are as 
yet very incomplete. If, to the alcohol used to retard diastatic 
action 50 per Oent., a very little acid is added, the retardation 
becomea very slight, as is shown by the following table : 

TABLE IV. 

Amount of 
f Ufrar formed. 

1. Diastase and starch-paste alone (100 cc.), 0.480 gram. 

2. With 8 cc. ethyl alcohol, 0.248 “ 

8. With 0.4 mgr. hydrochloric acid, 0.460 “ 

4. With 8 cc. alcohol and 0.4 mgr. HCl, 0.427 “ 

It is seen from this that if the same amount of acid be used 
alone, it has a slight retarding eifect, so that it cannot be sup- 
posed that the acid acts in Exp. 4 by stimulating in some way 
the action of the ferment ; it must act by neutralizing the in- 
fluence of the alcohol. Acetic acid gave similar results, exeept 
that a larger quantity, since it is a weaker acid, was required. 
It is well known that most alcohols, especially those of the pri- 
mary series, have very slight alkaline properties, as is shown by 
the fact that they retard the inversion of cane sugar by acids, 
and it seems that a great part of their action on diastase^ is due 
to their alkalinity.* This fermen t is so delicate an indicator, that 
I hope to be able by the use of it to measure the alkalinity of 
the various alcohols. 

The secondary and tertiary alcohols approach the acid phenols 
in their constitution, and are therefore less alkaline. This cor- 
responds with their action on diastase. It is interesting to note 
also that the action of organic acids on diastase is less with higher 
members of a series, while increasing their basicity increases their 
activity. The alcohols, on the^contrary, show the greatest action 
with higher members of a series, while increasing their atomicity 
decreases their activity. 

As to how far the physiological action of alcohols is due to 

% 

^ The action of acids and bases on diastase, and the use of this ferment as 
an indicator, are discussed in an article bj the author in the Amer. Chem. Jour. 
VIII, p. 311, and the reader must be referred to this for the meaning of the terms 
acidity and alkalinity, as used here. They hare no connection with the property 
of some bodies to combine with bases to form salts, or of others to combine with 
acids, or what is properly known as basicity. 
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their alkalinity, cannot at present’be surmised, but I am inclined 
to think that this plays an important part in it. If this is tme, 
it may be asked why ordinary alkalies do not act in a similar 
manner. The distinction between alkalinity and basicity must 
be kept clearly in mind hera If ordinary alkalies are taken into 
the stomach, they are very quickly neutralized by combination 
with an acid ; but in the case of alcohol we have an alkaline body 
that probably cannot be neutralized by the acids of the stomach, 
for it is only at high temperatures that alcohol will combine with 
dilute acids to form esters (salts). In this way, it will be seen, 
alcohol may act through its alkalinity, while alkaline bases show 
no such action. It should be mentioned that this, as well as other 
points discussed in this paper, are put forward more as su^estions 
towards future work than well-developed theories. 



ON THE ACTION OF CERTAIN SALTS UPON THE 
ARTERIES. By FBEDERIO S. LEE. M. A., Ph. D., 
Instractor in Physiology in St. Lawrence UniTersity, Canton, 
N. Y. ; Late Fellow of the Johns Hopkins Uniyersity. 

Physiologists now generally acknowledge that arterial tonicity 
may resnlt from two sorts of influences, those of central and those 
of peripheral origin. As regards the latter sort, Bidder in 1866 
ascribed to peripheral ganglia the power of causing arterial con^ 
striotion ; but the claim of Bernstein, that it is most reasonable 
to suppose the local tone to originate in the arterial muscle^ells 
themselves, has been recently gaining ground. Yet, if we 
accept Bernstein’s view, we must still look for the cause of the 
contraction of the muscle-cells, and for the variations in the 
amount of such contraction which are known to take place 
normally in the body. Up to the present time bnt one theory, 
1 think, has been advanced to explain these phenomena — that 
proposed by Gaskell<^ in 1880. • 

Gaskell found that the addition of a small quantity of a solu- 
tion of sodic hydrate to a neutral fluid circulating thfongh the 
arteries of a frog was followed by a constriction of the vessels to 
a degree varying with the amount of the drug present He 
further found that lactic acid introduced into the neutral circula- 
ting fluid acted in an opposite manner, putting the arteries 
into extreme dilation. Moreover, the colietriction brought 
about by sodic hydrate was with the acid quickly replaced by 
dilation ; and the dilation produced by lactic acid was with the 
hydrate quickly replaced by constriction. From these facts 
Gaskell drew tlie general conclusion that alkalies cause constric- 
tion and acids cause dilation of the arteries, and he proposed to 
account for the eve^present arterial tonicity by supposing the 
alkaline juices bathing the walls of the arteries to exert thoir 
constricting action upon the muscle-cells. The production of an 
add by tissue-activity, as e. g. the contraction of a muscle, 
would diminish the alkalinity of the fluids, and hence diminish 
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arterial tonicity. YariationB in the latter would thus be explained 
by variations in the degree of alkalinity of the surrounding 
fluids. Gaskell extended his theory to the explanation of cardiac 
tonicity, since sodic hydrate and lactic acid were found to have 
upon the heart efiects similar to those exerted upon the arteries—* 
i. «.■ the former brought about a standstill of tho heart in systole, 
the latter a standstill in diastole. 

The founding of so radical a theory upon such apparently in- 
sufficient experimental grounds — for the author had employed 
in his work bat one alkali, and that not one which is pres- 
ent in the body — was noticed by Binger and Buxton,*** and 
they were led to investigate the question more fully by ex- 
periment. They studied the heart only, obtaining with sodic 
hydrate the same results which Gaskell had obtained. Turn- 
ing then to the normal alkalies of the blood, they found 
that sodic bicarbonate gave a similar stoppage of the heart 
in systole. With sodic phosphate alone, “ a possible source of 
alkalinity other, than the bicarbonate,” but little increase iii 
cardiac tonicity was observed. But they further found that 
potassium chloride, also a normal constituent of the bood, when 
introduced into the neutral circulating fluid, acted quite similarly 
to lactic acid, putting the heart into a state of extreme relaxation. 
After the production of a systolic condition by sodic hydrate or 
sodic bicarbonate, the addition of a small quantity of potassium 
chloride completely counteracted the effect of the alkali, “the 
tonicity of the heart-muscles giving place to relaxation.” They 
did not extend their researches to the arteries ; but Binger and 
Sainsbury*** had previously shown that sodic bicarbonate by 
itself causes arterial constriction, yet this condition does not ap- 
pear in the presence of potassinm chloride. Binger and Buxton 
hence daimed that neither cardiac nor arterial tonicity could be 
explained as due to the direct action of the alkaline juices up(m 
the muscle-cells, since the constant presence of potassium chloride 
would prevent the sodic bicarbonate from exerting its character- 
istie action. 

The antagonism of the views of Gaskell and of Binger and 
Buxton, and the lack in the latter’s work of experimental evi- 
dence as to the arteries, have induced me to test for those vessels 
^e validity of the objections to Gaskell’s theory. 
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My method of work has been essentially the same as that em^ 
ployed by Stevens and myself**’ in determining the action of 
fibrin ferment upon the arteries, and is described in lull in onr 
paper upon that subject. In all of my experiments terrapins 
were employed, and the brain and spinal cord were wmpletely de- 
stroyed at the beginning of the operation. The anterior portion 
of the plastron was then removed, exposing the heart and the 
great vessels ; the heart was cut out and the inflow cannulas 
were inserted into the left systemic aorta and into the hulitu 
arterioaua just before the right systemic aorta was given off ; the 
pulmonary arteries were ligated, together with all arteries sup- 
plying the head and fore legs, since the rupture of the vessels by 
the destruction of the brain and spinal cord would not have 
allowed a circulation through those parts ; a pressure cannula 
was inserted into the stump of the right brachial artery ; a large 
outflow cannula was placed upright in the mvus venoms, and the 
animal was then ready for the experiment. The circulating fluid 
was a 0.75 per cent, solution of NaCl in distilled water, and was 
supplied from a Marriotte’s flask. Between the flask and the ani- 
mal’s body was placed, in connection with the inflow tubing, the 
automatic lever described by Stevens and myself, its function 
being to force into the arteries of the animal in an intermittent 
stream the circulating fluid coming from the flask. The venous 
pressure of this artificial heart — i.e. the height of the lower end of 
the inflow air tube of the Marriotte’s flask above the lever— was 
19 cm., and the animal was placed on a level with the lever. A 
circulation w4a thus possible through the hind limbs and abdom- 
inal viscera; and the circulating liquid, returning to the venous 
sinus, was caught, as it came through the outflow tube, and 
measured at intervals of three minutes. Arterial pressure was 
registered upon a revolving drum. A drug, the action of which 
was to be tested, was dissolved in normal salt solution and 
supplied to the arteries from a second flask standing beside the 
one containing the neutral circulating fluid. I have investigated 
the actions of sodic hydrate, sodic bicarbonate, sodic phosphate, 
lactic acid and potassium chloride. The sodic bicarbonate was 
manufactured by Merck, of Darmstadt. The sodic phosphate was 
of the same manufacture and was purified and recrystallized 
before using. The potassium chloride was supplied by tEimer dt 
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Amend, of New York, and waa also carefully recrjrstallized, to 
exclude all poBsibility of the presence of any impurity. . 

1 found s^ic- hydrate to be the most powerful of all the drugs 
used, as regards the constriction of the arteries, a solution of 
strength 1 to 20,000 (s. e. 1 part drug to 20,000 parts salt solu- 
tion) causing a rapid diminution in the outflow, accompanied by 
a great rise of arterial pressure. 

Solutions of Bodic bicarbonate, 1 to 2500, caused constriction, 
and stronger solutions produced much more marked efiects upon 
the pressure and outflow. 

Solutions of sodio phosphate, 1 to 500, gave slight constriction; 
solutions of strength 1 to 250 narrowed the arteries very con- 
siderably, in one case diminishing the outflow from 30.4 cc. to 
5.2 cc., and increasing the pressure from 18 mm. to 24 mm.’Hg. 
These results with sodic phosphate are quite opposed to those 
obtained from the heart by Binger and Buxton. My experiments 
with the drug have been numerous, and in no case has it failed to 
produce constriction. 

Lactic acid in proportion 1 to 10,000 gave dilation. Con- 
trary to the testimony of Gaskell, this dilation could be recovered 
from by normal salt solution alone. 

Potassium chloride, 1 to 10,000, produced, as Binger and Bux- 
ton claim^ dilation, the action being distinct and undoubted, 
though in some cases not persisting long, even when KGl was 
kept circulating. The action of the drug seems, however, to have 
been somewhat exaggerated by Binger and Buxton, for I have 
found that dilation produced by a comparatively strong solution 
of BGl (1 to 2000) is at once set aside and constriction brought 
about by the addition of NaHGO, in proportion 1 to 1000. 

Binger and Buxton lay great stress upon the fact that a condi- 
tion of increased tonicity produced by a drug, as e.g. sodic 
bicarbonate, may be replaced by an atonic state upon the addi- 
tion to the circulating fluid of a sufficient quantity of potassium 
chloride — a proposition which no one can deny. But to conclude 
from this, as they do, that the alkaline salts of the blood do not 
maintain arterial tonicity, is unjustifiable. To reproduce in. an 
experiment “ the physiological conditions which are present in 
the blood,” as they denre to do, it is necessary to introduce into 
tile circulating liquid at tAe tame time both NaHGOs and £01, 

W;.- 
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and these in proportions such as they exist in the blood itself. 
So far as it appears from the paper of Binger and Buxton, they 
have not done this. In attempting it we are, of course, at once 
hampered by the fact that absolute knowledge regarding the 
salts of the plasma is so far wanting. The blood of the terrapin 
has, I believe, never been completely analyzed. Of mammalian 
blood, the analyses of Schmidt and Sertoli are probably reliable, 
and in experiments which 1 have made upon the point in ques- 
tion 1 have used their results. According to ScWidt, plasmia 
contains of !Na20 0.1532 per cent., which, computed as sodio 
bicarbonate, its probable compound in the blood, equals 0.2075 
per cent. Sertoli finds 0.116 per cent, of KajO in serum, equiv- 
alent to 0.157 per cent, of NaHOOs. The latter does not men- 
tion ^potassium chloride in his table, and I have hence employed 
with each proportion of NaHCOa the proportion of KOI given 
by Schmidt-^ viz.: 0.0359 per cent. The following are some of 
the results : 

Experiment 24. 


Time of Temp of Arterial Total venous Remarks, 

obs. aalmal Id pressure outflow 
desr* O. in mm. Hsr. In oo. 


6.51 

15.9 

18 

14.6 

.64 


18.1 

14 


.67 

... 

18.1 

18.9 

6.00 

... 

18 

13 

.08 

... 

18 

14.2 

.06 


17.9 

15.6 

.09 


17.9 

16 

.12 


17.8 

16.6 

.15 


17.7 

21. 


0.75 per cent, solution of NaOl cir- 
culating. 

Solution of KCl on, 10,000. ' It 
must be borne in mind that, owing 
to the considerable length of tubing 
connecting the feeding-flask with 
the animal, which was necessitated 
by the condition of the experi- 
ments, several minutes may elapse, 
after turning on a solution, before 
it begins to enter the animal’s ar- 
teries ; so, too, it may continue to 
flow for some time after it has been 
shutoff.’ Naturally these intervals 
are longer where the venous out- 
flow is small. 


At 6.14 solution of NaHCOa (1 to 
2000) added to the clrculatiii|W 
liquid. 
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nmeof 

Temp, of 

Arterial 

Total venous Remarks. 

obs. 

animal In 

pressure 

outflow 


deg. 0. 

in mm. Hg. 

incc. 

.18 

16.2 

17.9 

19.9 

.21 

... 

18.4 

16.8 

.24 

... 

18.6 

12.1 

.27 


18.7 

9.8 

.80 

... 

19.3 

8.5 Experiment ended. 


In the above table it will be noticed that Ihe ratio of sodic 
bicarbonate to potaBsic chloride in the circulating liquid after 
6.14 was nearly the same as that of sodic bicarbonate in Sertoli’s 
analysis to potassic chloride in Schmidt’s. 


Experiment 32. 

Time of Temp, of Arterial Total venous Remarks* 

obs. animal in pressure outflow 
deg. C. in mm. Hg. in co. 


4.43 

... 

18.9 

15.6 

.46 


18.7 

15.5 

.49 

... 

18.7 

15.8 

.52 

... 

18.4 

19.4 

.55 


19 

18 

.58 

... 

18.8 

19.8 

5.01 


19 

17.8 

.*04 


23.1 

11 

.07 

16.8 

28 

8 

.10 

... 

25.4 

6.8 

.13 

••• 

28.2 

6 

.16 

... 

22.9 

7.2 

.19 

... 

21.5 

6.8 

.22 

... 

20.8 

7.9 

.25 

... 

19.2 

8 

.28 

... 

19.8 

9 

.81 


19.1 

10 

.34 

... 

19.2 

10.4 

.37 

••• 

19 

9.8 

.40 

... 

19.1 

10 

.48 

... 

19.1 

9.7 

.46 


19.1 

8.8 

.49 

... 

18.9 

10.5 

.52 

... 

... 

10.8 

.55 

16.1 

18.6 

12.8 

.58 

•ee 

18.2 

1&4 

6.01 

as* 

18.1 

18.9 

.04 

• 

eta 

18.1 

12.9 


0.75 per cent, solution of NaCl cir- 
culating. 

On 0.157 per cent. KaHCX)» (Sertoli) 
+ 0.0359 percent. KOI (Schmidt). 

At 5.00 off NaHCOs+KCl. On NnCl. 
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Time of 

Temp, of 

Arterial 

Total venous Bemarks. 

obs. 

animal in 
deg. 0. 

pressure outflow 
in mm. Hg. In oo. 


.07 


18 

14 


.10 


18.6 

13 


.18 

... 

18.8 

19 


.16 


18.4 

14.9 


.10 

... 

18.6 

14.8 


.23 

... 

18.7 

18.4 


.26 

... 

18.4 

14 


.28 

... 

18.9 

16 

At 6.26 on 0.2076 per cent. NaHOO* 
(Schmidt) + 0.0869 per cent. KGi 
(Schmidt). 

.81 

... 

18.7 

16.8 


.84 

... 

18.6 

24.6 

OflNaHCOa + KCl. OnNaCl. 

.37 

... 

19.1 

34 


.40 

... 

21.1 

12.6 


.49 


21.4 

9 Experiment ended. 

Experiment 34. 

Time of 

Temp, of 

Arterial 

Total venous Remarks. 

obs. 

animal in 
deg. 0. 

pressure 
in mm. Hg. 

outflow 
in 00 . 


8.89 

... 

18.8 

17 

• 

0.76 per cent, solution of NaCl cir- 
culating. 

.42 

... 

18.9 

23 

.46 

17.9 

18.9 

29 

On 0.2075 per cent. NallCOa 
(Schmidt) + 0.0859 4 ;>er cent. KGI 
(Schmidt). 

.48 

... 

18.7 

83 

.60 


19 

24.6 

OflNaHGO,+KGl. On NaGl. 

.63 


22 

26 


.66 

... 

28.4 

12 


.69 


26.4 

7.9 


4.02 


24.4 

6 


.06 

17.9 

22.6 

4.8 


.08 

ege 

22.1 

6 


.11 


20.4 

6.7 


.14 

laa 

20.2 

6 


.17 


20 

6.4 


.20 

• •• 

19.8 

6.6 


.28 


19.8 

7.2 

On NaHGO, (Schmidt) + KGI 
(Schmidt). 

.26 


19.6 

7 

.29 

• •• 

19.4 

16.4 


.82 

««e 

19.6 

24 


.85 

ese 

20.1 

16 


.88 


20.7 

8 

# 

.41 

eee 

21.7 

«.8.5 
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Time of 

Temp, of 

Artertal 

Total Tenons Remarks. 

ObB. 

animal In 
deff . 0. 

prenBure 
In mm. Hg 

outflow 
In 00 . 


.44 

... 

20.0 

4.3 

OflNaHCOi + KCl. OnNaCl. 

.47 

... 

... 

4.8 


.61 

... 

80.8 

9.6 

Greater outflow here is due to longer 
time of observation. 

.64 

17.9 

81.6 

6.1 


.68 

... 

26.6 

6.8 

Ditto. 

6.01 

... 

25.6 

4.8 


.04 

... 

21.8 

7 


.07 

... 

20.6 

4.9 


.10 

... 

19.8 

6.6 


.18 


19.9 7.9 

Experiment 36. 

Time of 

Temp, of 

Artorial 

Total venous Remarks. 

obs. 

animal In 
degr. C. 

pressure 

outflow 



in mm. Hg. 

In oc. 


8.21 

21.3 

22.7 

6.1 

0.75 per cent, solution of NaCl cir- 
culating. 

.24 


21.9 

6.2 

..27 

... 

21.9 

6.1 

On 0.2075 per cent. KaHCOs 
(Sohmiflt) 4* 0.0859 per cent. KCl 
(Schmidt). 

.80 

... 

21.8 

6.4 


.83 

... 

21.4 

7.8 


.86 


21.6 

7.2 


.80 

V ••• 

28 

6.7 


.42 

• •• 

28.5 

4.4 


.46 

... 

26.9 

8.8 


.48 


26.4 

4.8 


.61 


29.9 

8.8 


.64 


28.9 

4.1 


.67 


80.6 

8.6 


4.00 

... 

28.9 

4.5 

OflNaHCOi-l-KGl. OnNaCl. 

.08 


80.6 

4.3 


.06 

... 

88.7 

8.7 


.09 


27.6 

8.9 


.12 

... 

87.5 

4.8 


.16 


86.8 

2.6 


.18 

... 

82.8 

2.1 


.21 


81.7 

8 


.24 


28.4 

8.2 


.27 

... 

26.9 

4.4 


.80 


24.7 

8.8 


.88 


28 

8.9 


.86 

••• 0 

22.8 

6 


.89 


21.9 

8.6 
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Time of Temp, of Arterial Total venous Bemarks. 

obs. animal In pressure outflow 
defl. 0. In mm. Ha. in oo. 


.42 

... 

21.8 

5.7 

.45 

... 

22.8 

5.4 

.48 

... 

21.7 

6.1 

.51 

... 

21.7 

5.2 

.54 


22 

5.5 

.67 

... 

21.7 

5.7 

5.00 

21.3 

21.7 

5.6 

.08 

... 

21.7 

5.8 

.06 

... 

23.8 

4.8 

.00 


24.4 

4.3 

.12 


25.4 

4.5 

.15 

... 

25.8 

4.4 

.18 

... 

26.9 

4.8 

.21 


25.5 

4.2 

.24 

... 

83.6 

4.3 

.27 

21.3 

80.2 

8.4 


On NaHCO. (Schmidt) + KOI 
(Schmidt). 


Off NaHCO, + KCL OnKaCl. 


Experiment ended. 


In all these cases we see that the ultimate effect of the mixture 
of HaHOOt and KOI is constriction of the arteries, manifested bj 
a rise of pressure and a decrease in venous outflow. And this 
appears in those cases where Sertoli’s amount of the former dmg 
was used, as well as in those where Schmidt’s results were 
employed. The constriction is somewhat slow to appear, and 
sometimes seems to be preceded by a slight and momentary dila- 
tion, manifested only by an increased outflow, as if the KOI first 
affected the muscle-cells, but was soon overcome by the more 
powerful but slowly acting NaHCOs. The tables illustrate one 
other phenomenon frequently met with — *. e. the great difliculty 
experienced in bringing back the vessels to their former condition 
by the use of normal salt solution. After the alkaline solution 
is turned off, the constriction usually continues to rise and the 
pnlse-curve often becomes irregular, now rising, now falling. 
This continues for several minutes, but the KaCl gradually forces 
its way into the vessels and washes out the alkali, and the 
arteries finally succumb and return to their former dilation. 

From the results of my experiments upon the effects of 
sodic bicarbonate, sodic phosphate and potassic chloride, it 
would then appear that the quantity of the chloride normally 
present in the blood is insufficient to prevent the constricting 
action of the alkaline salts upon the arteries ; such action is due 
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chiefly to the eodic bicarbonate, but the tendency of the Bodic 
phosphate is in the same direction. Bnt the effect of these two 
salts alone, in the proportions in which they exist in the blood, 
would be enormous, and a serious hindrance to circulation. The 
slight dilating action of the potassic chloride would hence seem 
necessary to modify and tone down the constriction, and its pres- 
ence in the blood would argue rather for than against the- theory 
of the maintenance of arterial tonicity by the alkaline salts. 
The difficulty experienced in recovering after a circulation of 
the bicarbonate and chloride favors the same theory and recalls 
a phenomenon often witnessed at the beginning of a circulation 
experiment. When the nonnal salt solution is being first 
admitted to the vessels and is washing out the animal’s blood, it 
is not rare to have great irregularities in the pulse-curve, with an 
exceedingly high average arterial pressure — the actual accom- 
paniments of a recovery from bicarbonate and chloride. As the 
washing out of the blood proceeds, the pressure falls to a lower 
level and remains uniform. 
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